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PREFACE. 



THE following Lectures were delivered in the 
University of Cambridge in 1888-89. When asked 
by the Teachers' Training Syndicate to give a course of 
lectures on the scientific observation and study of pupils 
in school, I gladly availed myself of this opportunity 
of putting forward those methods of making exact ob- 
servations, and giving accurate descriptions of children 
which I have formulated after some years of careful 
study. A body of physical signs suitable for observa- 
tion under the proposed conditions is here presented to 
the student. 

It appears to me that the best way of imparting such 
knowledge is by carrying on the student-teacher from his 
studies in Physiology and Natural History, to the obser- 
vation of children by similar scientific methods. The 
first chapter of this work is accordingly devoted to the 
study of natural objects in the same way as I would 
have you. examine a child.. The catalogue placed at the 
end of the volume gives further illustration on this 
subject i-*^ 

544256 
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Educational work presents so many practical diffi- 
culties that it is well to see what' help we can get from 
the study of Nature, and the physical forces which con- 
trol growth in all living things. A general knowledge 
of Natural History, Biology and Physics, is now so 
widely diffused as to render it possible to make these 
branches of science the. basis for studying children as 
seen by us. 

It is thought by many that the time has come when 
it is advisable that School Teachers, and others con- 
cerned in education, should acquire a more accurate and 
scientific knowledge of children of different kinds, and 
of pupils under different conditions — it may then be ad- 
visable that some systematic instruction on this subject 
should be provided, and included as a part of the pupil- 
teacher's curriculum and examination. A short course 
of instruction of this kind would render previous studies 
in science, psychology and school-management more 
practical, applying the whole to the daily routine of the 
duties of the school-room. The materials upon which"\ 
the teacher works are the child's brain and body, what-, ") 
ever method he may use, and it seems likely that a j 
. general and continuous observation of the facts seen in \ 
pupils may help to remove some of the present defects ,' 
in educational arrangements. 

The doctor, in busy practice, finds each year a certain 
number of cases of "consumption" in his district, he 
would not know whether this disease were more or less 
prevalent in his locality than in the country at large, if 
means had not been taken to ascertain the general average 
of this condition, and its distribution among the popula- 
tion. A school may contain a considerable number of 
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" nervous children/' this fact may be attributed by some 
to the management of the school, but at present we do 
not know the average of this condition and its distribu- 
tion among the school population. This kind of know^, 
ledge would be very useful, and would help to settle { 
some educational problems ; some defective conditions \ 
are frequently charged as produced by education which I 
may be due to other causes. 

It would greatly aid our knowledge of the school 
population, and the solution of problems dependent 
thereon, if an examination of, say 50,000 pupils in 
various selected schools, were made and a report issued. 
/ — The ideal of perfect mental function, which should be 
J constantly before the teacher's mind, is only to be known 
\jDy observation and study. The student-teacher needs 
training in quick perception, visual and auditory, and in 
ready description of conditions seen in children. In 
visiting schools it is not difficult to recognise the apt and 
able teacher by his ready and accurate account of the 
children in his class. To gain this special aptitude is 
one reason for urging these studies, when once the. faculty 
of observing and describing has been acquired by teachers 
they have a power in their hands of the highest profes- 
sional value, and may accumulate an experience that 
will assure success in management and skill in training 
their pupils. 

Teaching has become a highly honoured and very 
important profession. 

When we consider that about one sixth of the popu- 
lation is under school training, and that more than 
6,000,000 pupils are under the daily influence of school 
teachers, we see at once their enormous power and the 
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deep interest we all have in teaching as a profession. 
It may well be doubted whether any other profession or 
calling in life produces so large an influence by its daily 
work. 

The responsibilities of educating the children of a 
nation are immense, all branches of science, and our own 
profession in particular, may well be called upon to take 
their part In the following pages it will be my en- 
deavour to try and advance a jnethod of physico-psycho- 
logy, and show how we may found a section of state 
medicine taking cognizance of all questions concerning 
the conditions of pupils in school, their surroundings, 
and the physical outcome of school training. 

Classification of pupils is important to your results. 
<^" Learn to know the make of your pupils that you may 
1 know their tendencies in action, and the effects of your 
\ training. Further knowledge of children will aid your 
methods, and enable you to assess results with allow- 
ance for the material you work upon. Some have 
objected to any knowledge of methods of observation 
of children being placed before teachers — * a little know- 
ledge is a dangerous thing ' — but surely the head-master 
or mistress can control this as well as the tendency to 
exceed the part assigned to under teachers in other 
matters. 

Remember that to be successful in training and 
teaching you must be strong, and that it is knowledge 
that gives power, the knowledge not only of scholastic 
matters, but a wide and deep knowledge of children in 
their bodily and mental character. 

It is obvious that in presenting new work it is im- 
possible to avoid some technical terms, but these are 
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fully explained in the text ; an index is provided which 
enables the reader to make such cross references as may 
be necessary. 

I gladly acknowledge my obligations to Dr J. A. 
Coutts for his kind assistance in preparing certain for- 
mulae, and in correction of portions of the text. 



F. W. 



5, Prince of Wales Terrace, 
Kensington Palace, W. 



*»* A chronological list of the author's lectures and scientific papers on 
the subject of this work is given at pages 113 — 215. 
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CHAPTER I. 
nature's methods; the child a part of nature's 

WORK. 

The child we submit to educational processes is a 
living being, a part of Nature's work, and to understand 
him thoroughly we must study the child in conjunction 
with what is known of other living beings. 

The object of education and training is to bring the Purpose of 
child into harmony with his surroundings, the home and ^«^'^^^"' 
the school, in order that in future years he may live 
harmoniously with whatever circumstances may surround 
him : we want early to impress him in such a way that 
in the future his strength, development and character 
may be manly. 

A child is, no doubt, very different from the young The child 
of all lower living beings, but in many points there is a ^^IJ^^^other 
uniformity in the methods of nature, and in the methods living 
of describing action in all living things. We shall ^*^^^' 
commence by glancing at methods of growth and vital 
action in the lower groups of organic beings ; in these 
comparatively simple structures we shall study the 
methods, or as they are often called " Laws of Nature ", Laws of 
and subsequently apply such knowledge to the study ^^^^^^* 
of children, as regards growth, development and mental 
functions. Further, if we want to train the child into a 
condition of harmony with Nature, we must know all we 
w. I 
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Nature's can of that universal work of Nature of which the child 
^ is a part that we may aid Nature's work and never 

thwart it. It is not here intended to discuss man's 
place in Nature, but we must study man among Nature's 
works. 
The body. The body of man is a living thing, one among 
many living things, influenced ^nd nourished by supplies 
of food, and stimulated by such forces as heat, light, 
sound, touch, &c. One general plan seems to run 
through the whole series, and certain laws or generalisa- 
tions appear to apply to all alike, though in different 
degrees. 

Our present concern in glancing at the circles of 
organic life, is to gain any knowledge possibly bearing 
upon our understanding of growth, action and mental 
function, or, as we may say, the processes of nutrition 
in the bodies and brains of children. 
Aproposi' Let me state a proposition which I have dwelt upon 
^liZ^^^ largely elsewhere, one that appears to me of primary 
things, importance in the scientific study of methods of culti- 
vating the powers of children. "All vital phenomena 
must take place in a living body, and their occurrence 
implies not only nutritive supply, but also stimulation by 
forces from without." 
Cause and To speak of a child as a part of Nature's work is to 
^^'* make analogies between him and other living things : in 

making such analogies the greatest care must always be 
taken as regards definition, and logical inferences. To 
be strictly accurate it is necessary to define what we 
compare, and to state the characters between which 
comparisons are to be made. It is very common to 
speak of cause and effect, but it seems to me that in 
the complex problems that will come under our notice, 
it will be better to simply note the antecedents of our 
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facts rather than to speak of them necessarily as causes. Nature 
At some points in our work we shall have to dwell on ^**^^^'' 
certain methods of observation, thought, argument and 
logic. Looking steadily at the works of Nature, com- 
pelling ourselves to see what is before us, trying to 
distinguish what we see from what we infer — such is 
good practice for the mental powers. In Lecture III. 
we shall try to describe the methods of brain action, as 
they produce the expression of Mind. If you will follow 
my methods of describing some simple growing things, 
it will be easier for me to explain the more complex 
phenomena taking place among brain cells. 

If a pea seed be placed on damp moss and kept in A growing 
the dark at a sufficient temperature, the access of air ^^fyl^^ 
being free, it soon begins to sprout. The seed swells, ments, 
growth commences, and protrusion of the radicle follows. 
Later on, the covering of the seed splits and the embryo 
stem rises into the air, bearing a delicate tuft of leaves. 
It has been shewn by Sachs, and by Charles Darwin, 
that all parts of the plant move constantly, thus con- 
stantly binding both the root and the apex of the stem 
in more or less circular tracts. This spontaneous move- 
ment is called circumnutation. The movements of the 
apex of a growing stem were carefully traced by Charles 
Darwin; the apex moved in a more or less elliptical 
curve, with many zigzags. This movement results from 
the unequal state of congestion of the vegetable cells, 
the side of the stem on which for the time the tur- 
gescence is greater being temporarily the convex side, 
and it has been shewn that this turgescence may be 
followed by permanent growth. Darwin, in his re- 
searches, has shewn that apparently every growing part 
of every plant is continually circumnutating, though 
often on a small scale. " Even the stems of seedlings, 
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spontane- 
ous move- 
ment. 



Young 
plants 
move 
much. 



before they have broken through the ground, as well as 
their buried radicles, circumnutate, as far as the pressure 
of the surrounding earth permits. In this universally pre- 
sent movement, we have the basis, or ground work for 
the acquirement, according to the requirements of the 
plant, of the most diversified movements." Thus the 
movements of the stems of twining plants, an4 the 
tendrils of climbers, result from a mere increase of the 
amplitude of the ordinary movements of circumnutation. 
The movements of the so-called sleep of plants, the 
movements of various organs towards the light, are all 
modified forms of circumnutation. Thus there are 
always movements in progress, and external stimuli 
largely control their amplitude and direction. 

In the growth of plants, especially while they are 
young, it is the rule for, first one side, and then another 
of a member, to grow more rapidly than the rest, curva- 
tures being thus caused, the convexity of which always 
indicates the side that is at the time growing most 
rapidly. If another side then grows more rapidly, it 
becomes convex, and the curvature changes its direction. 
These curvatures are caused by the unequal growth of 
different sides of an organ, and have been called by 
Sachs "Nutations." These nutations occur most evi- 
dently when growth is very rapid. Very common is it 
to find the apex of the erect stems above the curved 
growing part, to move round in a circle or ellipse, the 
region of most active growth moving gradually; this 
Sachs terms " revolving nutation." As regards the stem 
of a plant which happens to be bent towards the north, 
it will gradually bend more and more towards the east 
till it faces the east, then towards the south. 

When, in place of looking at the results of the move- 
ment of the apex of the radicle of the pea plant, as 
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traced upon paper, we come to look at the minute Parts of 
changes in the mechanism which produces the '^^^^- ^observed 
ment, we find it necessary to subdivide the thing ob- 
served, the radicle, into the parts which can swell or 
grow as individuals, i.e. the cells of which it is com- 
posed, and we look at action in separate groups of cells 
arranged round the circumference of the stem. 

The ascending axis of the seedling is seen to be Quantity 
bent a little below the apex, and the arched neck, with (neach 
the tender tuft of leaves pointing downwards, is pushed Z^^* 
upwards by growth of the stem. This arched condition, 
the result of growth, is due to unequal elongation of the 
two sides of the stem, that which grows the quickest 
becoming convex as a mechanical result. One word 
describes the arching of the stem, but when we seek 
the cause thereof we must observe separately the two 
halves of the stem, and we find that action is unequal 
in the parts, and the arching is a mechanical result 
thereof 

Look at the seedling which has been grown in dark- Seedlingin 
ness, and compare its parts with those of a plant grown ^^ ^^"^' 
with due light. That grown in darkness has a long stem 
and small leaves: this shews that light can control the 
quantities of growth. A plant grown near a window so 
that one side of it is more illuminated than the other is 
seen to have the stem bent concavely towards the light, 
this is due to the action of light in checking growth on 
one side more than on the other. 

We see that the separate portions of the seedling ^^/iw« </ 
plant may act and grow independently of one another, *^ ^* 
and that such mode of growth may result in movement. 
Light acting upon the circumnutating stem alters the 
ratios of action in the vegetable cells. Light controls 
the quantities of action in certain cells, and definite 
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Sponia- movement of the plant results. The plant does not 
*^olledbv "^^^^ ^^ itself, but the light regulates its spontaneous 
physical movements so that bending in the direction with the 
forces, %\(t\xi results. When the plant is quietly growing, circum- 
nutating as it ascends, it is all ready for the special 
action which follows when light illuminates one side 
more than the other. The plant is active, its activity 
causes the movement, and this spontaneous movement 
may be controlled to something like an intelligent action ; 
but while the plant is steadily bending towards the light 
there is very little spontaneous movement. 
Parts of a Continuing our study of Nature's methods as seen in 
thinfthat ^^^ growth of plants — look at a potato, a radish, a turnip 
grow sepa- or a carrot. A potato may be called a living thing, like 
rately, ^^ seed, it is capable of growth when placed in moist 
ground at a sufficient temperature. The botanists call 
the potato a tuber because it has been shewn that it is a 
much thickened underground stem or branch, the so- 
called 'eyes' of the potato being buds which can de- 
velope stems. Look at the potato which has begun to 
grow, and see that it is not one living thing, but has many 
points of growth, many parts that can act separately. If 
kept dry it will not sprout, it needs moisture and warmth 
to make it grow, these conditions must act upon it before 
it can grow. The material from which the early growth 
takes place is the starch so abundantly stored up in the 
potato, its early food is self-contained ! Now look at a 
radish, turnip or carrot; these are roots, they have no 
buds, they do not possess many parts like the eyes of 
the potato which can act separately. In this respect the 
turnip is less complicated, lower, less like an intelligent 
thing than a potato ! 

Looking at the carrot let me compare a wild and a 
cultivated specimen. The wild carrot differs from the 
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cultivated variety in the size and weight of the root. If 
we make a transverse section of the root, we see that the 
ratio of cellular material to the fibrous is different in the 
two varieties, the cellular tissues being more abundant in 
the cultivated variety. 

Double action, or two outcomes of action, often occur Double 
simultaneously in a living thing. In the potato plant ^'*^* 
growing under favourable circumstances, a double action 
occurs, assimilation or manufacture of starch being one, 
and storage in the tubers underground the other. In the 
germinating pea unequal bilateral growth leads both to 
curvature and bending of the plumule downwards. A 
pulvinus is the motor organ at the base of certain leaves, 
if it be touched, not only do its cells swell on one side 
but movement of the leaf results, no further structural 
changes occur. 

In a leaf of Drosera rotundtfolia, if an insect settles 
on one tentacle, a stimulus is transmitted to the others, 
causing them both to secrete, and then bend towards the 
fly. Here the stimulus is transmitted to a distance and 
then produces a double action. 

A head of young convolvulus shews us other points Proper- 
worthy of special observation and description ^J^o^g!!^/^ 
growing things. Compare the young leaves with the 
old ones, those near the apex with those lower down : it 
will strike you at once that as growth proceeds the form 
of the leaf alters, it becomes broader in comparison to 
its length, the ratio of length and breadth changes as 
growth proceeds. This last is very commonly seen in 
many plants as growth continues. The ratios or propor- 
tions of growth are always very important. It is the pro- 
portions of growth in the different parts of the stem of 
the convolvulus that cause its head to revolve and 
climb. Other specimens may be put forward shewing 
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proportional growth, or ratios of action, and results 
thereof. 

The buds of the horse chestnut shew us some results 
of ratios in development of parts, or proportional growth. 
During the winter months the inner parts of the bud are 
enclosed by bud-scales, or modified leaves without stalks. 
As these scales grow, the cells on the outer surface in- 
crease more quickly than those on the inner side, and as 
a mechanical result these scales become more concave 
towards the centre of the bud and envelope it, thus af- 
fording protection from the weather and attacks by 
insects. The young imperfect leaves are closely packed 
within, and these also grow quickly on the outer side, 
causing them to press towards the centre of the bud. 
When spring time comes, with increased temperature 
comes increased nutrition, then changes occur in the ratios 
of growth. The inner surfaces of both bud-scales and 
young leaves grow at a greater rate than the outer surfaces 
and thus the curvatures are altered. The inner surfaces 
become convex and the bud opens. Growth in the 
scales now almost ceases, while the quantity of growth in 
the axis of the bud and the leaves is augmented as they 
become exposed to the action of light, heat and the 
atmosphere. 

The time of growth and the results following from it 
may be illustrated by specimens. Here is a head of sun 
flower ; it is a colony of florets collected on one support. 
The little flowers at the outer edge are of a different shape 
from those in the centre. A floret from the margin has 
a tubular corolla greatly prolonged on one side in strap- 
like form, hanging over the margin of the flower head. 
The florets of the centre are tubular and cup-shaped, and 
of equal height all round. These are points concerning 
the arrangement of the florets worthy of special notice; 
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the florets in the circle at the margin open first and Sunflower. 
attract the visits of insects, the next day a circle nearer 
the centre opens, and so on in succession; thus fresh 
flowers open each day. We will now look at a single 
floret in detail, specially noticing the arrangement with 
regard to the relative growth of the stamens and the 
pistil, which results in cross-fertilization of the flowers. 
The stamens are united by the margins of their anthers 
forming a tube into which the pollen is discharged. The 
stamens grow to their full height and maturity before the 
pistil, which during the early stage of the flower is short 
and immature. When the anthers are ripe and have 
filled their tube with pollen, the style begins to grow, and 
passes up the tube formed by the anthers, pushing the 
pollen powder before it which now accumulates in a heap 
at the top of the flower. Later, the continued growth of 
the style places the stigma as the most prominent part of 
the flower, its lobes open and expose the receptive sur- 
face. An insect visiting the flower in its early condition 
meets with a heap of pollen-dust at the top of each floret, 
and thus dusts its abdominal surface. When the insect 
later on visits a flower in the later stage of growth, with 
the style protruded and expanded, it deposits some pollen 
from the former flower upon the prominent and receptive 
stigma. Thus cross-fertilization is effected. The time of The time 

each act described is an essential attribute of the process of^Ji^*^ 

... '^ produces 

which brings about cross-fertilization or conveyance 01 the effect, 

pollen from one flower to another. In the Fuchsia, 
Campion and Epilobium, we see examples where the re- 
lative times of protrusion of the anthers and style lead to 
cross-fertilization, the anthers first protruding, the stigmas 
maturing later. 

The specimens we have examined shew the import- 
ance of looking to all the parts of any living thing which 
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can grow or act separately, and the importance of ob- 
serving the relative time and quantity of action in each 
part. We now want to determine some of the forces or 
causes which may regulate the time and quantity of action 
in the parts of living things. I must crave your indul- 
gence if I here assume an hypothesis which I have en- 
deavoured to illustrate and support by evidence given 
elsewhere. Vital acts only must be observable in living 
things which must be supplied with pabulum or food 
material and also stimulated by some force. The forces 
which thus stimulate acts of nutrition, appear also to 
determine and control the time and the quantity of action. 
In the work referred to, numerous examples are classified, 
where nutrition of parts of living things is controlled by 
such forces as light, heat, sound, pressure, gravity, &c. 
Time, however, prevents me repeating my evidence here. 
We have considered thus far what to observe in look- 
ing at Nature's work in living things, and I have referred 
to my hypothesis as to the mode in which physical force 
controls vital acts. There is however, obviously, a limit 
to the capacity of every living thing for the performance 
of its functions. In seeking to observe these limits, we 
must first determine the outcome of its action, and how 
it is to be observed. In each living thing there is an 
intrinsic tendency to continue its growth for a certain 
period, and up to a certain amount; this appears to be 
due to inherited antecedent impressions, but the tendency 
may be altered in succeeding generations. Cultivation 
and training may increase capacity for action in an indi- 
vidual, as well as in a species. Cultivation of the apple 
tree in successive generations has improved the capacity 
for producing large fruit ; cultivation of the carrot gives 
us large roots in comparison to the small ones found in 
the wild species. 
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As regards the individual, the capacity for action may Feeding, 
be determined by feeding, or by the conditions of stimu- 
lation. A sensitive plant, if well fed, becomes very 
slightly sensitive to a blow, and will not move its leaflets; 
an animal deprived of food soon loses its motor power. 
The intellectual capacity of children may be increased 
by feeding when the previous diet has been deficient 
(see Report of Birmingham Committee). Over-feeding 
is equally undesirable, especially just before lessons. 
By the proper employment of exercise for ever)' organ 
and part of the body, we may increase capacity for 
action by stimulating to the full the nutrition of each 
part. 

There is a limit to the capacity for function in every Feeding 
living thing, but if the food supply is sufficient, the quan- ^^Jl^'^^' 
tity of nutrition is directly proportional to the amount of 
stimulation, up to a certain amount. When growth in 
a child is deficient from want of food, feeding may be 
a most potent factor in augmenting the capacity for 
action. When feeding has been sufficient and stimula- 
tion or exercise defective, the course of management is 
obvious. There are cases of defective nutrition of the 
body where high feeding is very necessary, especially 
among some nervous children. 

When I say that the capacity for action may be in- 
creased or diminished by stimulation, I mean by such 
physical conditions as pressure, touch, light, the sight of 
objects, or sound (see Catalogue). Diminished stimula- 
tion of a muscle leads, not only to less work done, but 
also to wasting of its substance ; it is not sufficient for 
nutrition and good work of the muscle that it be supplied 
with blood, it must also be stimulated and exercised. 
Probably there is much less limitation to the growth of 
a crystal than of a living thing. 
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Increasing We may try to cause variation in the limit of capacity 
capacity, f^y action, and probably it is easier to increase the quan- 
tity of action than its duration. There is a more distinct 
limit to the duration of life than to the quantity of action 
that shall occur during the period of life. The leaf of 
a tree has its own period for duration of life, apart from 
Limited the effects of late springs and early autumns. The 
^^^^^ ^leaves of many trees separate (Gray, p. 87) from the 
stem, and fall by means of an articulation at the 
junction with the stem, which begins to form early 
in the season and is completed at the close. There is 
a kind of disintegration of a transverse layer of cells, 
which cuts off the petiole by a regular line, and leaves 
a clean scar. Intrinsic causes, acting in the plant, pro- 
bably due to impressions made upon the ancestors by 
their surroundings, determine the duration of life of the 
leaf. In each living thing there is a tendency to grow 
for a certain period, and up to a certain amount. 

In the infant, before birth, conditions of development 
occur which cannot proceed after birth, e.g. closure of 
certain openings and fissures. An ovule of the flower is 
a cellular body, it has but a small capacity for growth, 
and this lasts but a short time, unless it be fertilized or 
stimulated by the advent of a pollen grain. Fertilization 
stimulates the ovule and increases the capacity for nutri- 
tion and growth so that under favourable circumstances 
it developes into a seed. These two last are examples 
of altered capacity for growth. 

The study of Nature may guide us in all things, in 
observing and in thinking : in such work we must con- 
stantly make analogies and generalisations. Certain 
generalisations as to what to observe, and how to de- 
scribe what we see, have been stated in pursuing our 
studies of plant life; how can we apply them to the 



Nature 
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thinking. 
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study of children ? This will be shewn presently. We 
have seen the importance of the separate action of the 
different parts of the living thing observed, and their im- 
pressionability to control by forces around. 

In applying any generalisations from the study oi Analogy of 
plant-life to the observation of children, we make ana- ^piant, 
logies. We studied the germinating seeds, the turnip, 
the carrot and potato, the convolvulus and the ivy, and 
made some generalisations as to Nature's methods of 
action in living things. What does the potato shew us 
as to what to observe in a child's body or his brain? 
We find that it is necessary to observe the separate parts A potato, 
of the potato and the parts of the child that can move ^^^ P^^^^' 
and act separately. We may place the potato and the 
child side by side, but what we compare in them is not 
the actual vital process in each but the time and the 
quantity of action in the parts of each 3 we find resem- 
blance or analogy between the potato and the child in 
the fact that separate parts of each can grow and display 
action separately. In reahty we do not compare the 
potato and the child directly, but the attributes of the 
nutritive processes in each, and we find that it is conve- 
nient to describe facts seen in the child, according to the 
methods used in describing the simpler organization of 
plants. A system of methodical procedure is thus put 
forward as a guide to the complex problems before us in 
our subsequent work. The studies of the astronomers 
were without fixed method and system till the minds of 
Kepler and Newton put forward definite modes of 
thought and observation (see Stewart's Philosophy), 

Aptness is a term given to a quality possessed by Aptness, 
some living things, and indicates a condition of predis- 
position for action. A child who is ordinarily attentive 
and predisposed to study, may be said to be apt to learn, 
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Aptness in OX readily impressed by education. It will be well to 
plants, illustrate aptness in the lower members of Nature's work. 
In the growth of the tissues of plants, chlorophyll grains 
play a very important part, decomposing carbonic acid 
gas under stimulation by light, thus supplying carbon to 
the plant. Professor Goodall (p. 287) says concerning 
this process : — " In regard to the genesis of the chloro- 
phyll granules which are the essential constituents of the 
assimilative cells, the following view appears to be most 
in consonance with recent investigations. Imbedded in 
the protoplasm of every growing point there are peculiar 
bodies (plastids) which have substantially the same cha- 
racters and structure as the protoplasm, and are more or 
less clearly differentiated from it even at an early period. 
As the cells, which develope from the growing point, 
assume the different characters which fit them for special 
service, for example, those in certain tubers and roots 
for store-houses, those in leaves for assimilation, and 
those in some flowers and fruits for colour, their plastids 
may likewise assume special characters. Those which 
are destined for the store-houses become leuco-plastids, 
or starch-formers ; those in green tissue, chloro-plastids, 
or chlorophyll granules; and those in coloured flowers 
and fruits, chromo-plastids. As might be expected from 
their common origin, the plastids, which under one set 
of conditions might become leuco-plastids, may, under 
another set, become chromo-plastids, etc." The aptness, 
in plants, for various conditions appears to be due to the 
* plastids.' 

The chromo-plastids afford examples of structures 
shewing aptness for various kinds of work which vary 
according to the conditions which surround them. The 
Mimosa pudica, if well sunned during the day, drops its 
leaves more readily at night ; sunlight makes it apt for 
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movement. The circumnutation of plants gives them 
an aptness for those special movements which may re- 
sult from the influence of light and gravity. We shall 
see hereafter that the spontaneous movements of children 
give them aptness for the production of those series of 
movements which express the action of mind. 

Aptness to certain conditions is often inherited, that Aptness 
is to say, is due to impressions produced upon the an- *^^^^'^* 
cestors. Children who inherit a tendency to Myopia 
develope it more easily during school days than do 
others. A tendency to certain tricks or habits has often 
been observed to be transmitted by inheritance. Charles 
Darwin has recorded many such examples. In such 
cases the tendency or aptness is inherited, though the 
condition itself may not be produced. 

Having studied examples of growth for the purpose Logic, 
of aiding our descriptions of man, we pass on to some 
considerations as to the logic of common descriptions of 
phenomena in living things ; this remark specially con- 
cerns speaking of the causes of what we see in Nature. 
In the descriptions of action in the brain which I shall 
have to give, the endeavour will be made, not to speak of 
cause and effect, but of the necessary antecedence and 
sequence of what we see ; and it must always be remem- 
bered that the sequence of a phenomenon can never be 
a part of its causation. It is doubtless true that logic 
should guide our observations and arguments, but, in 
some cases, observation, especially as to the time of 
events, may help to correct our logic. 

It has been said that the daisy opens to meet the Antecedent 
rising sun. Observation shews that light must act upon ^^^^^^^ 
the flower before it opens : light, not a desire in the con- 
flower to greet the sun, is the necessary antecedent to f^^^^^- 
the movement. If you assume that something resident 
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in the flower opens its petals, and if you observe the 
flower open before the sun illuminates it, then the logic 
of the statement made above may be correct. It seems 
that in other cases the assumption of an "It" resident in 
a living thing may help to put the logic right. This 
seems to me to be the case in some examples of mental 
action, as we shall see hereafter. 
The child Now coming to the child, as a work of Nature, we 
have to describe the child as we see him, without making 
any assumptions, except that the same forces regulate 
action in his body as in other living things. In this 
Lecture we study works of Nature at the two extremes of 
the scale. The modes of Nature's work may be best 
learnt among the simple vegetable organisms, and the 
generalisations formed may aid our understanding of 
action in man. Let us now look at a boy, he is a living 
thing, he moves, and it is at once obvious that his 
actions are controlled by sight and sound, as he first 
follows a butterfly in the attempt to catch it, then comes 
back when you call him. Look at him — what about his 
brain, does it act more like a potato or a turnip ? It 
most resembles a potato, for soon you will be satisfied 
that its separate parts can act independently of one 
another. 
Observing When we observe a living thing in contrast to an 
living inorganic body, we soon find the importance of deciding 
as to what separate parts of the object can act more or 
less independently. Action of any kind, whether growth 
or motion, can only be observed by our senses in some 
material part. It does not, however, follow that the 
object chosen for observation consists of only one part, 
one and indivisible. Having determined the parts to 
observe, note the action in each part, i.e. its time, 
quantity and kind. Then note the sequence or outcome 
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of the action of each part, and of the series of actions in 
the whole subject. 

If you accept the views given as to the forces aiding Character 
and controlling the attributes and characters of the acts-^^^^^^^^ 
of growth and action, it may appear to you probable ing influ- 
that the child trained under certain surrounding in- ^^^^' 
fluences will be impressed by them, and formed by 
them, and will subsequently grow in harmony with them ; 
the surroundings largely make the character of the child. 
It seems to be true that when certain forces have long 
acted upon a living thing, and have altered its modes of 
growth or modes of action, that the said living thing 
remains impressionable to that same force or set of 
forces. This is in part what is meant when it is said that 
faculty is increased by use or exercise. In applying such 
principles it must be remembered that there are internal 
forces affecting the child's growth and action, but these 
intrinsic forces, which result from antecedent impressions, 
may be modified by the environment. 

In the next Lecture we shall give particular attention 
to the study of brain-centres and look at modes of action 
in them, similar to those seen in lower living things. 
The brain is one of the most complex organs in the 
body, we know that it consists of parts which can be 
stimulated to separate action. We want to study how 
the brain acts, and in such inquiry our preliminary 
survey of Nature will help us. 
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CHAPTER II. 

STUDY OF THE BRAIN AS A PART OF THE BODY. 

We now have to study the brain as a part of the 
body, and determine, as best we may, its modes of 
action. In the first lecture we observed certain vege- 
table specimens, which were selected for their simplicity, 
and we found that it was often possible and convenient 
Widening to divide the subject observed into parts, which can act 
^tractin^ independently of one another as to time of action, or 
the field of unequally as to quantity of action. In so doing we 
^^^^' contracted, or limited the field of observation and 
thought ; thus we considered action in individual groups 
of cells in the radicle of the pea. At other times we 
found reason to enlarge our field of observation, action 
in one subject could not be understood by looking at it 
alone ; we understood the flower of the iris better when 
Two observing two flowers and a bee. So in now proceeding 

^^^\ to study the brain, we begin by dividing it into parts 
called nerve-centres, which it has been shewn can act 
separately or in different ratios under varying circum- 
stances. 
Nerve- Having studied nerve-centres as to their properties, 

Ihe Irain, ^^ ^^^^^ again enlarge our field of observation, including 
the whole brain, the organs of special sense, and the 
muscular system which is the mechanism for the ex- 
pression of thought and action. 
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The brain is a soft and delicate structure, seated in 
the brain case and carefully protected ; it consists essen- 
tially of two kinds of material, the nerve-cells, and the 
nerve-fibres. The nerve-cells, when duly nourished, are Nerve- 
the makers of nerve-force; for their proper nutrition they ^^^^"^* 
need a good supply of blood in their vessels. A nerve- Nerve- 
fibre passes off from each cell and conveys the force ■^^^^^* 
generated in it, which is then called a nerve-current ; Nerve- 
there are millions of such cells in the structure of the ^^^^^*' 
brain. When the nerve-force generated by a nerve-cell 
is carried by a fibre to a muscle, say in the face, or in 
the limbs, this nerve-current causes the muscle to con- 
tract or shorten, and visible movement results, the move- 
ment being stimulated by the force sent from the nerve- 
celL The movement seen indicates to us the time and Nerve- 
quantity of the discharge of force from the nerve-cell ; ^^^^J\ 
such movement is conveniently called a nerve-muscular 
movement. 

The substance of the brain is thus mainly made up The brain, 
of groups of nerve-cells, many of which are connected 
with one another by nerve-fibres, and many of them are 
connected with the muscles of the body and send nerve- 
currents to them, thus causing the movements of the 
members. The nerve-cell generates force as the out- 
come of its nutrition. While the brain is giving out 
force, it must be replenished by nutrition, or it will run 
down, and be less capable of producing energy after a 
short time, it will then need food and rest. 

We have spoken of the nerve-cells of the brain as Afferent 
being connected with one another, and with the muscles ^^j' 
of the body which produce movements of its parts, it 
must now be explained that there are other nerve-fibres 
which connect the organs of special sense, the eye, and 
the ear, etc., and the skin all over the body, with the 

2 — 2 
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cells of the brain, and convey currents of force from 
these parts respectively to the cells of the brain ; such 
nerve-fibres are called afferent because they convey 
currents to the nerve-system; in distinction from these the 
fibres which convey currents from the nerve-cells to the 
muscles are called efferent The fibres which pass in both 
directions are collected into bundles, or strings, and are 
commonly called the nerves of the body ; the ingoing or 
afferent nerves convey stimuli to the brain, the outcoming 
or efferent nerves carry motor currents from the nerve- 
cells to the muscles. 

I desire in this lecture to indicate certain characters 
of the brain as data for the theory of mental action 
(Psychosis), and explanation of methods of observation 
of facts, and methods of training the mind, which will be 
advanced further on. 

The principal method by which we observe action in 
nerve-centres is by noting their action on muscles; a 
current passing from a nerve-centre to a muscle is fol- 
lowed by contraction of the muscle, and visible move- 
ment in the body; the muscle is the visible index of a 
nerve-current proceeding from the centre, indicating the 
time and to some extent the quantity of its action. 
One set of muscular contractions indicates action in one 
set of nerve-centres corresponding*. Further, the se- 
quence of the muscular action is also the sequence of 
the action in the centres corresponding, and the ante- 
cedent of the action in the centres is the necessary ante- 
cedent of the result of the movement. This combined 



' The clinical investigations of Dr Hughlings Jackson, and the 
physiological inquiries of Dr Charies Beevor and Mr Victor Horseley, 
have shewn that while a certain movement is principally due to 
action in one particular nerve-centre, it may be produced in part by 
action in other centres. 
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action of a nerve-centre and muscle is conveniently 
termed a nerve-muscular act, and such acts are often 
stimulated through the organs of special sense. 

Let me ask your attention to this diagram, it is not a Explana- 
representation of anatomical structure, but may serve our ^^^^^^ 



Fig. I. 

The brain is represented by the shading as divided into areas 
A^ B^ C, Dy E which can act more or less separately : each area or 
section of brain is represented as connected by nerve-fibres, with a 
muscle corresponding. Each section of brain may receive a stimulus 
from the eye or the ear. The representation is purely diagram- 
matical for the sake of clearness of description. 
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present purpose in illustrating some physiological facts. 
The coloured areas of brain A^ B, C, Z>, E, each receive 
fibres carrying impressions from the eye and the ear, so 
that they can separately be stimulated by sight and 
sound. Fibres pass from each brain area to the muscles 
rt, b^ c^ //, e respectively, so that when A is stimulated the 
muscle a contracts, if the centre E be stimulated the 
corresponding muscle e contracts, and so on for each 
centre and muscle respectively, the muscle is the visible 
index of nerve-currents proceeding from its own centre. 
If we see the muscles «, b contract at the same moment 
that indicates that centres A^ B act together. The 
nerve-centre must of course be well-supplied with good 
blood. 
Nerve- Our primary proposition concerning the stimulation 

^sHmulatd ^^ ^^ ^^^^ ^^^^ ^^ living things by force from without 
by sight them, applies to the action of nerve-centres, and is the 
and sound, ^^^:^^ of our theory of mental action. Action in the 
body has been shewn to be dependent upon muscular 
contractions secondary to their stimulation by currents 
from the nerve-centres. The nerve-centres themselves 
are usually stimulated by sound and sight through the 
organs of sense. 

The nerve-centre is the special seat in which we now 
desire to study action. In our explanation of the dia- 
gram of a nerve-muscular apparatus we speak of (i) A 
nerve-centre in which action is studied, and the cells 
which compose it. (2) Its supply of blood. (3) The 
forces stimulating it. (4) The outcome of action in it. 
We now have to consider the limit of capacity for action 
Nerve- in the nerve-centre under given circumstances. The 

centre circumstances that may vary are the condition of the 
at work, ■' •' 

centre itself; the blood supply; and the stimulation 

from without, both in time, quantity, and kind. A child 

Digitized by VjOOQIC 



as a part of the Body. 23 

that is starving from want of food, i.e. a child whose 
nerve-centres are deprived of due blood supply, does 
not give out any great amount of force, there is but low 
capacity for mental and nerve-muscular action. A nerve- 
centre must be well supplied with good blood in order 
that it may be apt for action, and clearly impressionable 
to stimulation from without. In such case the limit of 
capacity for action is determined by food, and better or 
fuller feeding may be followed by more action. 

The child may be amply fed, but live in a dull dark Want of 
house, with but few people about to talk to him. Food ^jl^^^^' 
supply being good in kind, and the supply being regular 
in time and sufficient in quantity, the cells of the centre 
also being healthy; then up to a certain point the quan- 
tity of action in that centre will be in direct ratio to the 
stimulation. 

If the supply of blood to a muscle be constant, as in Supply of 
ordinary health, then increasing the stimulus is followed -^^^^.^ 
by growth of its tissue. So if the branch of a tree be 
bent, causing a congestion of sap, the apples grow larger. 
If the nerve-centres be well supplied with blood, and 
have good internal capacity they will act more or less 
strongly in proportion to the amount of stimulation from 
without, received through the special senses, and pro- 
bably such stimulation helps to make them grow. If 
you believe the nerve-centres to be healthy, and well 
supplied with good blood, then usually it is well to sti- 
mulate them through the senses, that they may grow 
and become healthy and more impressionable to the 
environment. 

The amount of work or physical force that the brain Amount 
can discharge in a given, time is limited, but when we %,j^^^' 
come to study the outcome of action of a group of 
centres then the position is changed. The value of the 
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work done depends more upon the special groups of 
cells acting as stimulated by surrounding forces, than 
it does upon the actual quantity of nerve-force expended, 
that is to say, the value of brain work depends more 
upon the impressionability of the brain for co-ordination 
than upon the amount of physical force discharged. 
Hence good mental training diminishes the amount of 
subsequent brain wear. 

Spontaneous action of nerve-centres. I use this 
term as a label for the subject now before us, but 
do so under protest of its inaccuracy, and simply for 
present convenience. I here refer to the tendency to 
action in nerve-centres, as indicated by movements, 
when no stimulus has immediately preceded. We saw 
the so-called spontaneous movements of the circumnu- 
tating radicle of a pea. Such movement in the apex of 
the radicle is said to be spontaneous because it is not 
immediately stimulated by incident forces or controlled 
by them — so also with regard to movements in man, 
many are said to be spontaneous because their stimuli 
are not immediately antecedent. Spontaneous action 
of nerve-centres is common in infancy, and returns 
under depressing circumstances in adult age, as in con- 
ditions of exhaustion and irritability. This appears to 
be a form of lessened impressionability, in such cases, 
the centre cannot be readily impressed or stimulated by 
the forces acting upon it. 

In observing movements of the body as signs of 
action of parts of the brain, it is most important to note 
what circumstances appear to excite the action; if we 
see no forces exciting the action we call such action 
spontaneous. 
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A Nerve- Centre free y or highly stimulated. 

Look at a boy playing with a dog while his father A dis- 
calls him to come indoors. He does not do so till the ^^1/^^ 
dog is called and runs away from him. 

Now look at the diagram of a nerve-muscular appa- 
ratus; it represents two incident forces stimulating the 
centre, and an outgoing efferent force which passes to 
the muscles ^ We have previously shewn that only a 
certain fixed amount of work can be got out of a nerve- 
centre by any amount of stimulation. The incident 
stimulus may determine the time of the outcoming 
function, and up to a certain point its quantity also. 
When a centre is being strongly stimulated by one force, 
the time and quantity of its action are not easily 
changed by other stimuli. On the contrary, when a 
centre is only slightly stimulated — say to 40 per cent, 
of its capacity — it is not only more free or impression- 
able to alteration of the time and quantity of its action 
by other forces incident to it, but also the ratios of 
action are in greater part due to the intrinsic condition 
of the centres. When the boy was strongly acted on by 
sight of the dog, his centres were not under control of 
his father^s voice. 

A hand free or disengaged is a free nerve-muscular A hand 
apparatus, with a group of nerve-centres free, say they-^T^^-^^'' 
are stimulated to only 40 per cent, of their capacity. Hon, 
Look at a hand held out to the word of command, or a 
hand moving towards an object seen; in the latter case 
it is often less free. This may be contrasted with a hand 
engaged mechanically in the pocket, or when the person 
is holding a pen, or pointing to an interesting object. 
1 Fig. r, p. 2\. 
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In studying the general condition of the brain, its 
freshness and aptness for action, its irritability, fatigue, 
exhaustion, etc., we are really studying the signs, which 
depend upon the ratios of action, spontaneously occur- 
ring in the acting nerve-centres; such observations should 
be made when the centres are as little stimulated as 
may be possible from without, for it is the intrinsic con- 
dition of the centres we then want to know. It is of 
course necessary to have the limb, which is to us an index 
of the brain, mechanically free and unfettered. When 
we want to study the upper extremity in this way, the 
limb must be mechanically free, and the nerve-centres as 
little stimulated as is possible from without. Hence, 
when you tell the children to hold out their hands in 
order that you may observe them, let the word of com- 
mand be as quiet as possible — do not impress the nerve- 
centres more strongly than need be, because that tends 
to lessen spontaneity. When a nerve-centre has its 
functions fully controlled by sound, light does not readily 
stimulate it, let the sound cease and it is impressionable 
to sight. 

All this is analogous to the seedling pea which cir- 
cumnutates, or is full of spontaneous movement and is 
apt for governance by light. 

Theory of Postures. Postures, or attitudes of the 
body, are very expressive of the condition of brain and 
muscles. A posture implies the relative position of two 
or more parts, postures of the hand are shewn in these 
diagrams, and will be described in Lecture IV. A 
posture is the outcome of the last movements of the 
parts, it depends upon the balance or ratios of action in 
opposing muscles. The quantity of action in each muscle 
or gioup of muscles, is determined by the amount of force 
sent by the nerve-centres corresponding — it follows that 
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(in a rough degree) the posture indicates the special 
balance (ratio) of muscular and nerve action. 

In observing postures we note the outcome of quan- 
tities of force, the quantity of motor power is in some 
degree a sign of the quantity of action exerted by the 
nerve-muscular apparatus. The strong clenching of the 
fist indicates a large quantity of force passing from the 
nerve-centres to the muscles, producing bending of the 
fingers. When the fingers are relaxed, this signifies less 
energy discharged from the centres. 

Theory as to double action occurring in a nerve-centre. 

Let us look at the diagram representing the nutrition 
and action of a nerve-muscular apparatus. We assume 
the apparatus in healthy order and well supplied with 
blood. A stimulus arrives at the centre, it may be fi:om 
the ear; action, of some kind, in the centre may be set 
up thereby, with the result of an overflow of force by 
nerve-fibres passing to the muscles, followed by their 
contraction. A double result then may follow stimulation Double 
of the nerve-centre, local molecular changes in the centre, ^^^*^' 
and nerve-currents passing from it to certain muscles. 
When we study movements we study the outcome of the 
nerve-currents passing from the centres — ^in studying 
mental action we shall mainly consider the local, mole- 
cular changes in the nerve-centres. The evidence of a 
permanent local impression is its expression when the 
subject is stimulated (see delayed expression). Evidence 
of the local change in the centres is that after the im- 
pression produced, e.g., by a word said, there follows 
immediate action in the hearer, and later, signs of memory 
of that word are seen. The stimulus of the sound of 
the word may produce nerve-currents passing from the 
centre, leading to movements, and also a permanent 
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impression in the centre itself, such expression of the 
impression must be by movements as by speech. 

Double action as thus explained, does not probably 
always occur when there is action in a nerve-centre; 
local action or efferent action may alone result from 
stimulation. When the eye-ball is touched the eyelids 
close, the stimulus passes from the eye-ball to the nerve- 
centre and is immediately followed by movement, and 
no permanent impression is produced thereby in the 
centre. When an impression has been produced in a 
nerve-centre, the time of observation must be prolonged 
to see if you may find any delayed impression. 
Delayed Delayed expression of impressions is very common 

expression, j^ mental phenomena, the expression is always by move- 
ment. Memory is due to an impression on the nerve- 
centres; the expression of an impression may be often 
repeated. 

The ratio of the efferent to the local effect may be 

represented as -j , and the ratio may vary. 

Aptness or readiness for action in a nerve-centre. 

In order that a nerve-centre may be apt for action it 
must itself be healthy, well supplied with blood, and not 
too highly stimulated, then it is ready to respond to a 
slight stimulus. In many cases a nerve-centre that is 
acting in a slight degree spontaneously, is very apt for 
action upon stimulation through the senses. Centres 
that have often been exercised in various ways are 
usually more apt for action than those tliat have not 
been trained, but the aptness may be diminished by 
expenditure of then: force up to the point of exhaustion. 
In a child, aptness for action may be reduced by any 
illness or other condition which lowers nutrition, as 
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when rapid development of the body is taking place. 
In congenital defects of the brain there may be very 
little aptness for any kind of nerve-action. 

Retentiveness in a nerve-centre. 

This property may best be illustrated by reflex actions. 
The precision and rapidity of a reflex action shew reten- 
tiveness, former stimuli often repeated may produce a 
very definite organisation in the centre. Retentiveness* 
in the brain leads to the mental faculty called memory. 

By the term Inhibition^ of nerve-centres, is meant Inhibi- 
any case where visible movement resulting from the action ^^*^' 
of those centres is arrested by some stimulus from with- 
out. When a child's movements are arrested by speak- 
ing to him, they may be said to be inhibited by the 
sound of your voice. In the next lecture I shall have 
occasion to refer to this subject again: I believe that the 
changes occurring among the nerve-centres during inhi- 
bition are of the utmost importance, we may judge of 
these changes by their delayed expression. It is important 
to note the antecedents and sequents in examples of in- 
hibition. 

Exhaustion of a nerve-centre may occur from over Exhatu- 
stimulation and use of the centre ; it may result from ^^^*^' 
want of due supply of blood replenished by sufficient 
food, or from conditions of general illness as by fever. 
The individual may look well in the face, and yet the 
nerve-centres may be exhausted — it is then necessary to 
look to the nerve-centres in action, studying his move- 
ments under stimulation, before deciding the state of the 
nerve-centres. 

^ See Physical Expression^ p. 234. 

3 See Author's paper in Brain, Part XLiii., 1888. 
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Co'ordi' A very interesting and important form or mode of 

^ *^'*' impressionability in nerve-centres, is their susceptibility 
to co-ordination, or functional union for action. When 
we place an object in an infant's hand, the fingers close 
around it, grasping the object — this is a combination of 
nerve-muscular acts sequent to the stimulus of pressure. 
We infer a combination of acts of nerve-centres corre- 
sponding. The stimulus caused by the sound of the 
dinner bell is followed by certain movements seen in 
the boy, certain combinations and series of acts. The 
sight of food placed before him, is followed by his 
eating it. Sight of the cricket-ball coming towards him, 
is followed by the combination of movements necessary 
to his getting ready to catch it. 
Hypothesis I assume as my hypothesis, that such actions are due 
nation to some kind of functional union of the centres pro- 
duced by the stimulus antecedent to the movement 
The act of getting the nerve-centres ready for action, 
is here supposed to be the formation of some kind of 
union among the centres, for the passage of nerve- 
currents through the cells which govern the particular 
combinations of movements. Referring to the diagram ^ — 
let Uy b be the muscles acting together to produce the 
observed movement which follows the sound of the bell. 
Then, the sound at its incidence to the centres first 
causes the functional union AB^ and if the stimulus be 
strong enough the stimulus is followed by efferent cur- 
rents passing to a, b. Let A^ B^ C, etc be nerve-cells 
and F an incident force ; observation shews that AB 
always follows on action of Fy and that after a certain 
number of repetitions, the action a, b follows the action 
of F with greater certainty than at first, and also that a, 
b often occur spontaneously, i.e. without stimulation by 
^ Fig. 1. 
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K The assumption is then made that an organic union 
AB has been formed, and that a stimulus acting on 
either A or B will cause AB to act. 

Examples of Unions among nerve-centres are seen in i/nums 
the symmetrical movements of eyelids on either side, and ^^^«^ 
also of the mobile features of the face. We infer that the cmfres. 
centres for the two sides of the face usually form a union, 
for the sound or sight which precedes facial expression, 
is usually followed by equal and simultaneous movement 
on each side. 

When we observe a case of functional union among 
nerve-muscular signs, that which we in reality note is 
special combinations, and special series of nerve-muscu- 
lar signs. After recording such observations of facts we 
may infer something as to their causation, and make 
generalisations. It is very necessary to distinguish in 
this consideration between our observations and our in- 
ferences. We make direct observations upon the child, 
noting the combinations and series of its movements as 
it puts out its hand to take an orange. These are nerve- 
muscular acts, hence we infer the time of the acts of the 
nerve-centres corresponding. This inference enables us 
to say that we observe the combinations and series of acts 
in the nerve-centres. Observing the incident forces we 
find that upon successive occasions the same series of 
nerve-muscular acts, or functional unions of centres, 
occur; Now we may discuss any theories as to the cau- 
sation of such functional union among the centres. 

The evidence as to the functional union occurring is 
the combination of action, or the series of combinations. 
We observe the combination of movements and infer 
combination of action in the centres. The term 'func- 
tional union' is convenient, it involves a theory — we 
must explain rather than define the meaning of the term — 
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it is an inference from the time of the acts, it is probably 
the outcome of the common impressionability of the 
subjects. 

As additional evidence that some kind of physical 
union among the centres is formed, we refer to the fol- 
lowing facts: — repetition makes all actions quicker and 
more precise, they follow more readily and certainly upon 
the same stimulus ; practice makes the actions precise 
and perfect. 
Groups of Having thus far studied action in a nerve-centre, and 
nerve-muscular apparatus, we enlarge our field of obser- 
vation and shall consider the modes of action in a group 
of nerve-centres taken collectively. We may study the 
antecedents and outcome of their synchronous and 
asynchronous action, their equal or unequal action, and 
their capacity for control and regulation by incident 
forces. 

In conducting observation as to these characters and 
results of action in groups of centres, we note the motor 
action in the muscles. 

We have studied * nerve-centres,' and groups of nerve- 
centres — it remains to study the brain as a collection of 
centres. We now speak then of the brain as an organ ; 
we are now enlarging our field of observation. 
The brain. The brain gives vitality; it produces and controls 
movements and actions, it gives the power of thinking. 
The brain is impressed by every sight, every sound, every 
touch, and the effect of these impressions may become a 
part of the mental faculty. This seems to me to be 
literally true, and as such adds immensely to our sense of 
responsibility in the care of children, for it appears that 
everything our children see or hear, affects their mental 
growth ; let the children see much of Nature and of the 
best men's work. 
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Coincident development of Body and Brain, 

It is not necessary to give much detail on this subject, 
and no explanation of the cause will be given. It is an 
observed fact that to some extent the physiognomy or 
make, proportions and form of the body, its parts and 
the features indicate the perfection of construction of the 
brain. A well-made brain in a well-made body is likely 
to give the best results under good and wise training. 
The less good the physiognomy may be, the more need 
for good education ; the perfectly made child, if such 
there be, still requires careful training, to bring its powers 
into active harmony with the surroundings. 

The great success achieved in schools for feeble- 
minded children is an immense encouragement to take 
the utmost pains with feeble children. 

I may conclude this lecture by giving a short imagi- Imaginary 
nary view of what might be seen occurring in a brain in ^j^-^-^-^^ 
action. It must be understood that this is not a physio- action, 
logical description, only an exercise of imagination in the 
attempt to put before you in realistic terms a part of what 
probably occurs. 

The cell may be imagined as a small viscid mass, Imaginary 
from which we see amoeboid filaments shooting out, J^^^ 
retracted and lengthening or shortening ; thus, adjacent 
cells may send out fibres, which touching, unite, form a 
*tie* or union among cells more or less adjacent, such 
ties being temporary. It may be imagined that the 
forming of such unions is accompanied by a flash of pale 
blue light whenever fibres of adjacent cells unite (mental) 
and again when unions are broken. 

It may be imagined that when vibrations of light or 
sound act upon such cells, they cause such fibres to be 
thrown out, or retracted, causing unions to be formed or 
W. 3 
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broken. It may further be imagined that a definite series 
of sound vibrations affects, upon different occasions, the 
same group of cells, and causes in them similar tempo- 
rary unions. It may further be imagined that sense vibra- 
tions, if slight in force, do no more than form such unions 
as have been described, whereas if they be stronger they 
may so affect the cells as to cause a nerve-current to pass 
away from them to muscles producing visible movement 
in the body. The sound of the word " dog " may produce 
union among certain cells, the sound of the words "draw 
a dog " may be followed by the union of many groups of 
cells, and may stimulate much force in them, overflowing 
to the muscles which move the upper limb and its fingers, 
producing an action which results in the "dog" being 
drawn on paper. 

If the cells are healthy, well nourished, and not 
strongly stimulated, they may spontaneously throw out 
the fibres and produce unions, and even efferent currents 
flowing to muscles followed by movements. A union or 
* tie ' among cells having been formed by some stimulus, 
currents may flow from it to adjacent cells, forming them 
into a union, which again forms a third union, which 
finally sends efferent currents to muscles. The move- 
ment will then be an indirect (tertiary) sequence of the 
incident stimulation. 

Brain Look in imagination at the brain of a living child. 

awaking View the child while asleep, see the body motionless ex- 

jrom sleep, ^ , , • • 

cept for the movements of breathmg ; the bram is simply 
being nourished, no stimuli reach it by the nerves coming 
from the organs of sense and no currents pass from it, all 
is simple, uniform nutrition. In the morning, as sounds 
impress the ear, afferent currents pass to the brain, cer- 
tain unions of cells are quickly formed, and currents pass 
from them to certain muscles, there producing visible 
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movement. Light from the window, and sounds in the 
house produce numerous currents streaming up afferent 
fibres, quickly followed by numerous motor unions among 
nerve-cells, and visible movements as the child wakes up. 
In the school-room before lessons, we see activity in the 
brain, numerous flashes of blue light shew the many 
unions occurring and dissolving among the cells, while 
the efferent currents pass away to the muscles. Then as 
he takes his place in class, and the teacher calls for atten- 
tion, we see him still and quiet, no efferent currents pass 
to the muscles, still blue light flashes about the cells of 
the brain as he thinks over the lesson. When he sits 
and looks at his book unions are being formed in his 
brain; when told to say his lessons, currents pass from 
those unions to the muscles which produce vocalization. 
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Fig. 2. 

In explaining the modes of action of nerve-centres, the Lecturer 
used a Mechanical Diagram as above, representing a certain area 
of the brain. The circles represent brain centres ; when a centre is 
presented as black it is sending out force to muscles, and producing 
visible movement in the body as expressed by elevation of signals at 
the side, the full action of A causes elevation of signal a etc.; 
centres C, G are supposed to be active but not to be sending nerve- 
currents to muscles. Centres B^ Z>, £ are not acting. 

3—2 
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CHAPTER III. 

FUNCTION OF BRAIN DISPLAYING MIND ACTION. 

Modes of Natural phenomena may be described in various 

description, ^ays according to the special purpose in hand, and the 
object which it is sought to attain. This may be illus- 
trated by the history of the science of botany. In the 
early period of this science, the object in view was to 
identify, remember, and name all vegetables. The prin- 
NcUural cipal characters used in defining the Natural Orders are 
Orders of i^^sed upon the number of parts of the flower, their 
mutual form, position, cohesion, adhesion etc., i.e. upon 
structural characters. It is not convenient to use the 
colours of flowers as the basis of classification. In the 
early studies of botany the great object in view was to 
advance the classification and naming of plants, and for 
this purpose points of structure were noted with the 
greatest advantage and convenience, the character colour 
being neglected or considered as quite subordinate in 
importance to structure. 
Another When classes of plants had been arranged, and the 

mode of individual species described according to structure, and 

classtfica- , . , . t , ,. •, • 

tion, named, it became easier to study the distribution and 

the properties of plants, and thus new knowledge was 
gained. Such descriptions are clear, and very useful for 
the purpose of helping us to determine the order and 
species of a plant. If the purpose of the naturalists' 
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studies be to obtain knowledge as to the relations oi Flowers 
insects to plant life, then the descriptions which served ^^^^^'^ ^ 
for the purposes of botanical classification will not suffice. 
With the change of purpose of study, various other cha- 
racteristics of the flowers must be observed ; colour now 
becomes of prominent importance. Flowers may be 
classed according to their colours, and the special insects 
visiting the red, blue, and white flowers respectively may 
be noted : thus we gain a new kind of knowledge. 

Let us now turn to the purpose of this Lecture, — the Psychosis 
study of the brain as an organ producing the manifesta- ^ ^^^^I 
tions of mind. The term Psychosis is here used to brain. 
express the physical processes occurring in the brain 
which are connected with the action of mind. I have 
found it convenient to omit from the definitions and 
descriptions here used, all terms implying subjective 
conditions which are incapable of direct observation by 
our senses. I have adopted this plan for several reasons, 
among others, in the desire to correlate the facts of mental 
action with other processes of nature, and to trace the effects 
of the forces around us, which, acting upon the body and 
the brain, produce aptness for the display of mind. 

The study of mental action thus becomes a study of Physico- 
physical facts, as is the study of any other subject in ^^J^*^ 
physiology, or the study of the phenomena of light, 
electricity, or sound. The electrician observed facts, 
and framed hypotheses to afford explanation of them, 
hence, we hear his views as to induced currents, Am- 
pere's currents, etc. In studying light the amplitude 
of waves of ether has been measured. In these branches 
of science hypothesis has correlated facts, aided under- 
standing, and given definite thoughts which have led to 
further observation and the acquisition of much useful 
knowledge. Mental action will be studied by methods 
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Mental similar to those used in the case of motion and growth. 

%^*d^drk ^* ^^sbeen shewn that all expression of mental action 

motion and IS by movement and the results of movement; it will 

growth, ^Yitn be anticipated that the methods used in the analysis 

of movements may be applied to the analysis of mental 

acts-, and that the forces which control and regulate 

movements also appear to control and regulate action 

in the brain displaying mind. 

I have demonstrated in my Lectures on .the Anatomy 
of Movement, that the actions of man consist of com- 
binations and series of movements, and that they are 
usually determined by some stimulus from without. It 
is also there shewn that similar actions, or combinations 
and series of movements, may occur in different men 
under similar stimulation. 
Movement To understand the theory of psychosis which I am 
^^^!/T"^ about to advance, it is essential to remember what was 
action. said in the preceding lecture about double action in 
nerve-centres and delayed expression. Movements ex- 
pressing the action of mind, like other nerve-muscular 
acts, imply local minute change, in the nerve-centres, 
and currents passing from them to the muscles, the 
former, or the act of getting the centres ready for action, 
must always precede the movement : it is this formation 
for action in the centres, or getting ready for action that 
I believe to represent the physical act of thought We 
cannot define a thought, that is a metaphysical term, 
we can describe the expression of thought by movement, 
and may infer the time of the act in the brain centres 
preceding it. I can only know the thought of another 
man by its expression in movement, or the results of his 
movements, the thought precedes its expression. The 
nerve-mechanism for the thought is probably a part of 
the mechanism for its expression by movement. 
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Studying processes of growth in living beings, and Growth 
movements in man, teaches us much as to action in the ^^^'f^^' - 

' . Thought. 

brain — observation of the motor action of the brain enables 
us to make generalisations as to the processes occurring 
in its parts or nerve-centres. From studying the expres- 
sion of mind, we shall argue as to the action occurring 
in the brain which corresponds to the physical action 
called " thought," which is known to us by subsequent 
expression in movements. While studying processes of 
growth in many living things, and movements in man, 
especially movements indicating mental action, and 
observing the antecedents and sequents of such acts, 
I was led to jframe a working hypothesis as to the 
physical action in the brain corresponding to a mental 
act. 

The hypothesis is " That every mental action (act Hypothesis 
of psychosis), as every motor action, depends upon the ^Jf ^^'*'^' 
formation and action of a certain combination of the 
nerve-cells." 

The sum of the phenomena of mind may be con- 
sidered as a mass of separate mental acts. It is very 
generally admitted that in some way the organisation 
and functions of the brain are concerned in displaying 
mind. It is assumed here, that a mental act is not the 
act of one mass of brain which does nothing but produce 
that one thought, but the outcome of the particular set 
of cells which happen at the moment to act together, the 
union of cells for such act being temporary though capa- 
ble of recurring. It has been shewn that one group of 
cells acting together produces one particular movement, 
and it is believed that similarly one group of cells can 
produce one particular act of mind; the particular 
thought thus depends upon the particular group of cells 
acting. It is also believed that groups of cells can be 
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caused to work together for mental acts, as for certain 
movements, by a very slight stimulus of sound or sight. 
Expression The expression of a thought consists in the motor 
always by action of a group of cells, the thought (act of psychosis) 
movement, consists in the formation of the union of cells whose 
motor or efferent action produces expression of the 
thought. Thought precedes and is known by subsequent 
movement ; thought is a part of the cause of the move- 
ment, and must correspond to some physical (it may be 
temporary) arrangement among the cells. I do not 
know what that arrangement may be, but as it leads to 
associated movements (times of visible action) I suppose 
that it consists of Associations (unions or ties) among 
cells, thus ".thinking" is the getting ready for action, it is 
the molecular or functional formation or arrangement of 
unions among nerve-cells. A special combination or 
series of movements may occur, and then may not be 
called up again till some special stimulus recurs, i.e. 
a special associated action of cells, or union among them, 
does not recur till that special stimulus recurs. 
Hypothesis These associations, ties, or unions, among cells may 
notfina . |^^ dissolved. The theory given is not a philosophical 
explanation as to what mind is ; it is a temporary work- 
ing hypothesis, and suggests methods as to the examina- 
tion of the physical structures concerned in producing 
the manifestation of mind, and it may help us to see 
how we can aid such processes in the child. 
Mental The mental functions of nerve-centres appear to be 

function merely the faculty for the formation of combinations for 
due to con- ... . .... 

trol of action ; It IS a form of impressionability, such that forces 

Tim^, acting through the senses can produce unions among the 

centres, controlling the special centres in the union, and 

deciding how long the union shall last, whether it be 

quickly dissolved or rendered permanent. 
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See a boy looking long and earnestly at an object ^« «^^^«- 
that interests him, he gazes at it and is motionless ; when *^^ ^' 
spoken to he begins to talk of it, and to describe it, 
saying what he thinks about it. The boy, while looking 
at the object, is supposed to be thinking about it ; mental 
acts are supposed to be taking place in his brain ; his 
brain is being got ready for his subsequent speech. We 
cannot see what is going on in his brain, but when he 
tells us what he thinks about the object, we have an 
expression by movement of that which occurred in his 
brain during his quiet time. The words he now says 
are the outcome of certain movements of his body, 
produced by currents from those groups of nerve-cells, 
which were being prepared by the impression following 
the sight of the object. The words that come out His brain 
depend upon the special cells previously arranged into ^^'^'* 
unions. The inference is, that during that wonderful 
"quiet time'*, while he gazed motionless at the object, 
the light reflected from the object got the brain ready, 
preparing functional unions among its centres. In such 
a case the expression of what took place in the brain 
might be delayed; he does not speak, describing his 
thoughts, till he is questioned, — the mental acts and their 
expression may be separated by an interval of time, — 
the impression produced upon the brain is not expressed 
till it is again impressed by our interrogations. 

Having explained what is meant by the formation of Unions 
functional unions among nerve-cells as mental acts, we ^f^^*-'- 
may study them further, their history and their ante- 
cedents. The unions may be temporary or permanent ; 
if temporary, they are considered functional ; but if per- 
manent, there seems to be evidence that they may be 
organic or dependent upon structural union of the cells 
by fibres which cause them always to act together. 
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Facial 
symmetry. 



A boy at 
his lessons. 



Observa' 
Hon of in- 
telligence. 



Each side of the face may move separately, but in most 
forms of facial expression the two sides move equally, — 
the centre for either side can act separately, but usually 
the two centres form one union in action. The eyes 
move together in health, the centres forming one union, 
but under chloroform each eye may move separately ^ 
We study the unions of centres by their motor sequence, 
and also observe the special antecedent ; it is probable 
that all unions of cells for action temporary in duration, 
whether for mental acts or for motor acts, are brought 
about by external forces. We take an example of a 
voluntary act, and an example of ordinary intelligence. 
A boy learns his lesson from a book at night and says it 
in school next morning. While looking at his book, his 
sight of the book results in certain arrangements among 
his nerve-cells (ABC) such that next day when told to 
say his lesson, we have expression in the words pro- 
duced by movement of alfc. If that has happened in 
the boy's brain which the teacher wished for, during 
evening preparation impressions were produced, making 
functional arrangements among the centres; the ex- 
pression ,of such impressions is delayed till the time for 
saying the lesson, when the word of command is followed 
by expression of the brain action, and if the lesson be 
successful, the brain impression, the unions, are rendered 
firmer and stronger. 

I observe my travelling companion, his eyes are 
directed towards a particular advertisement at several 
stations ; subsequently he speaks to me of the subject- 
matter of that advertisement. Such action in my com- 
panion indicates intelligence. During the time of our 
journey an impression must have been made upon his 
centres by the sight of the advertisement. This was a 
^ See Anatomy of Movementy p. 33. 
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functional union of centres (theory) formed by light, "a 
getting ready", a change molecular in kind, seated in 
certain nerve-centres, occurring at the time of the im- 
pression by light, not at that time followed by nerve- 
currents from centres to muscles. Such may be called 
an act of psychosis without expression at the time. 

A mental act is known to us only by the effects Expression 
(movements) produced by currents passing from this^'^'*^'^ 
union of cells to muscles. It seems probable, however, 
that the efferent currents from a union of cells ABC^ 
instead of passing direct to muscles and producing 
movement, may pass to other cells, say A^ Z>, F^ and 
from them into a union, which sending efferent currents 
to muscles «, ^/, /, produces the movement adf^ thus 
the visible outcome is not abc but adf. To follow out 
such cases would lead me to branch off into psychology, 
which is not my present intention. It may be shewn that 
the expression of a stimulus received need not directly 
correspond with the impression produced; — the difference 
is due to the sum of the action of the nerve-mechanisms 
corresponding to the intermediate acts of thinking. 

The mental acts of which so much has been said, Ante- 
may follow the sight of some object which is said to ^ft^\f 
inspire a thought, or recall one back to memory. If a 
similar impression be stronger, it may produce a series 
of movements, or nerve-muscular acts, a nerve-current 
passing from the union of cells to the muscles. 

My purpose in the present lecture is to lay the foun- 
dation for a physical study of mental action, and to shew 
what facts observed in children are likely to advance our 
knowledge of their mental action ; it is not proposed to 
enter into a philosophical study of psychology, only to 
illustrate our working hypothesis as a guide to our studies. 
^ See Fig. i. 
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and 
unknown. 



Time, 
Kind, 
Quantity 
of acts. 



My boy, 2^ years old, had been taught to say, "Where 
are you going to, my pretty maid?" An old gentleman 
was talking to the child in the park, and asked him 
where he lived, the boy replied correctly. The gentle- 
man then said, "Who is your father, my little man?" 
The boy promptly replied, "My father's a farmer. Sir, 
she said." This is an example of reflex action, not in- 
trinsic in the brain at birth. The brain change giving 
the mechanism for such reflex was due to the former 
succession of aff'erent causes having built up the suscepti- 
bility to such reflex. 

An essential feature of this hypothesis of psychosis is, 
that the special character of the mental act depends 
upon the attribute time of the action of the nerve-cells. 
Co-acting or separate action, is merely a question of the 
time of action whatever the results may be ; the relation 
in time of the action in nerve-centres determines the 
thought, the time of their efferent action determines the 
movement. The force which determines the time of 
action of certain cells, may determine the mental act, or 
the visible action that follows. 

As to the methods followed in this work. We deal 
with many things unknowable in themselves, and for 
this reason special methods of argument and inquiry are 
often needed. As in mathematical processes, so here 
the unknown is represented by terms or symbols, the 
relations of these unknowns may then often be demon- 
strated — thus Time, and Relative quantity may be esti- 
mated by experiment and calculation, though their inti- 
mate nature be not understood. 

We try to define an impossible knowledge, and to 
analyse facts to such terms as may be most convenient 
for our purpose, and then shew the relations among such 
terms in Time, Kind and Quantity. Thus new know- 
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ledge may be gained, and a foundation laid for a fresh 
start in physical research. 

One of the principal objections to the view that Mind not 
mental phenomena are in any way directly the outcome of ^/^y^^" 
brain action, is that mental work is not correlatable with force, 
forms of physical force ; the amount of oxidation in the 
body is not proportional to the amount of mind work. 
It can be shewn, I think, that this is in accordance with 
the theory advanced, not opposed to it. 

The amount of physical work done by the action of 
the nerve-cells as represented by oxidation, depends 
upon the duration of the activity, but not upon the spe- 
cial time of action, or the relation of the time of action 
of different cells. The amount of physical work done 
among the cells depends upon the sum total of the 
action, not upon the special combinations occurring. 
The value of the acts of psychosis, or of movements 
resulting, depends upon their sequence, not upon the 
amount of physical force set free in the cells. It follows 
that the amount of brain action does not necessarily 
correspond to the value of the outcome ; the regulation 
of the time of action of centres, or their co-ordination 
is a physical phenomena, but is not a display of force 
that is correlatable with mechanical work done. 

Let us assume that there are n centres by means of Mental 
which mental acts can be produced; according to ^^^hy^cal^ 
hypothesis the number of distinct mental acts possible "mar, 
depends upon the possible number of combinations that 
can be formed out of n factors (i.e. 2"-i); 20 nerve- 
centres may be arranged in 976,255 different combina- 
tions, the action of any one of these combinations pro- 
duces an act of psychosis ; but the social or intellectual 
value of these acts may vary immensely. 

If there be three centres capable of performing 
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mental acts, there are seven possible arrangements of 
co-acting A, B, C, AB, AC, BC, ABC, O, 

Now it may be assumed that the centres A^ B, C, 
each consume in action a similar amount of oxygen, 
then AB^ AC, BC each requires the same amount of 
oxygen, viz. twice as much as A, and ABC requires for 
its action three times as much oxygen as is required by 
A alone. Now the intellectual value of the thought 
corresponding to the action of ABy AC, BC may vaiy 
greatly, though each act consumes the same amount of 
Social oxygen. The use, and social or intellectual value of an 
^an*act, ^^^ ^^ psychosis need not depend upon the physical 
force expended in its production, this is analogous to 
what is seen in the motor outcome of the brain. In 
many forms of manual work, such as carpentry, we value 
not the number of foot-pounds of labour performed, but 
the cunning of the work done, the outcome of the spe- 
cial series of motor acts. 
Value of a The value of a telegraphic message does not depend 
telegram, upon the quantity of chemical action in the battery which 
produced the electrical current conveying the message. 

With n nerve-centres the amount of their oxidation 
in an hour, just as the cells of a battery, depends upon 
the length of time the separate cells have worked, not 
at all upon the special combinations of action that have 
occurred. A time bill may be made up against each 
cell and the total action of n cells during one hour's 
thinking may then be cast up. 
Wear in a The cell oxidizes only while acting as in a Le- 
galvamc ^anche's battery, each cell oxidizes only while acting. 

An hour's hard intellectual work may mean many 
thdughts, or many combinations formed and dissolved 
with great rapidity, which would not necessarily corre- 
spond to a high time bill for the centres at work. 
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Another objection that may be put forward against Original 
our working hypothesis is — How is it that original think- i^^^^^^g- 
ing takes so much of our mental energy? 

Probably in such kinds of thinking, many thoughts 
or acts of psychosis are performed with great rapidity, 
and only suitable ones survive or are preserved. In 
this original thinking much action occurs in the process 
of forming new combinations. Original thinking ex- 
hausts greatly, rapidly limiting the capacity. 

In some way, I know not how, in original thinking, 
intrinsic forces (which are always weak) build up the 
unions of cells and thus the weak intrinsic forces are 
soon exhausted. 

In receiving a new idea by reading it is not so, the Reading 
process is less exhausting. To read an original book is *^^ '"^ork. 
to have unions effected in one's brain by an incident 
force, the light impress off the printed page. To repro- 
duce the ideas previously read, is not to originate these 
arrangements of centres by the weak intrinsic forces; 
they have been previously formed by the incident light 
impress of the book. 

Similar phenomena might be quoted with regard to 
auditory impressions; a tune once heard is readily 
reproduced by one who could not originate the tune 
without notes. 

The hypothesis that has been given as to what Mental 

occurs in an act of psychosis, harmonises the attributes ^*^^ ^^ 
, . . , , movement. 

of an act of psychosis with those of movement, and 

enables us to study the effects of those forces which alike 

produce co-ordinated acts of movement and the signs 

of mental action. A co-ordinated series of movements 

takes long to learn, a series of thoughts may take long 

to fix in the memory, but when either series of acts has 

been produced, it is more easily reproduced than before. 
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Deductions If my hypothesis be accepted, certain conclusions 
from hypo- ^^y ^^ drawn. We will make some deductions from 

thesis, , , , . , t . . , 

the hypothesis ; we suppose that there is either action or 
no action in the nerve-centres we deal with, we are not 
speaking here of quantities of action, only of the time. 

If 5 centres act they may form 31 combinations, 
no more. 

If n centres act they may form (2" - i) combinations, 
no more. 

Look at the table of combinations of 5 terms, you 
will find that each term occurs in 16 combinations — 
to give formula; — each term occurs in (2"'"*-i) com- 
binations. Thus A occurs in 16 combinations. Now 
if one of these centres be incapable of acting, it reduces 
the number of possible combinations by one-half. Every 
additional nerve-centre doubles the number of possible 
unions, so that 20 centres may produce 976,255 unions, 
but 19 centres can produce only 488,128 unions. 
Extetttof It is said that an ordinary farm -labourer uses a 
vocabu- vocabulary of about 300 words, that Shakespeare's vo- 
cabulary contains about 15,000 words. If it be assumed 
that each word corresponded to an act of psychosis, 
we use the following formula: 
Formula, Let -^= number of combinations observed, ^= number 

of centres forming these combinations, 

^ = 2* - I and X = —2-^ . 

log 2 

In the case supposed -4 = 15000 for Shakespeare, -4 =300 
for labourer. Thus Shakespeare must have had at least 
14 centres, and the average farmer has not less than 
eight. 

Again referring to the table of combinations of five 
centres, if the action of each cell produces an equal 
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amount of brain wear, the combinations are not of equal 
value as to wear. 

Single A, B, C, D, E 5 

Binary AB, AC, AD, AE, BC, BD, BE, 

CD,CE,DE 10 

Ternary, ABC, ABB, ABE, A CD, ACE, 

ADE, BCD, BCE, BDE, CDE 10 
Quaternary ABCD, A CDE, ABCE, ABDE, 

BCDE 5 

ABCDE I 

A mode of mental action may now be considered Vague 
which seems to be the normal in young children, and ^^^oughts 
is not uncommon in adults when fatigue has lowered ,„^, 
the mental power. The term Micro-psychosis is here 
used to imply the brain action which corresponds to the 
earliest forms of thought in the child, spontaneous or 
uncontrolled by impressions from outside. Observation 
of the child's spontaneous movements shews that spon- 
taneous combinations of nerve-centres are formed, and 
it may be shewn that spontaneous movements and ir- 
regular uncontrolled thoughts often occur together in 
children. I imagine that in this state the nerve-cells spontane- 
concerned in the display of mental action act more or V*^ think- 
less separately and independent of control by the senses, moving, 
as in the spontaneous movements of the infant (micro- 
kinesis), and that their co-ordination as development pro- 
ceeds, produces the definite mental acts called thoughts. 
We do not speak of the infant's early movements as 
'actions,' and the earliest formations of unions among 
its nerve-cells cannot be called thoughts. As rough analo- a fidgety 
gies — a child is fidgety (full of uncontrolled movements) ^^^^^^ 
and is inattentive (thoughts uncontrolled) ; during sleep 
impressionability is lessened, and dreams are spontaneous. 
W. 4 
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and intellv 
gence. 



Nervous Nervous children are full of spontaneous movements, and 
^r^^T^id ^^^^" ^^^^ many strange, disconnected, imaginative, pre- 
ren, cocious thoughts. In adult life these are wandering, un- 

bidden, wild, ungoverned thoughts, a mass of thoughts, 
a cloud or rush of thoughts through the brain. In healthy 
people these are best controlled by things seen and 
heard. This micro-psychosis is fatiguing, and may re- 
sult from exhaustion. 
Instinct Let US consider the conditions commonly called 

instinct and intelligence. Acts due to instinct may be 
performed at birth ; the chick pecks its way through the 
shell, then it soon pecks crumbs off the ground. The 
arrangement of nerve-cells in the chick causing these 
acts exists at birth, and such acts are called signs of 
instinct because they depend upon congenital arrange- 
ments. Intelligence is an after-birth development; the 
nerve-arrangements for its display are largely built up 
in the child by the impressions that it receives from 
without. The congenital mechanism is called instinct, 
the outcome of impressions produced after birth is called 
intelligence. 
Inulligence Intelligence, in as far as it is due to brain action, 
minv ^^ °^^ ^^^ ^^ ^"^ property in the brain, but to many 
brain pro- properties, vitality, nutrition, the power to stimulate 
perttes, muscular contraction, susceptibility to impressions from 
without, and chiefly to the facility it possesses for the 
formation of unions for action among its parts, such being 
produced by the agency of the senses. Each of such 
properties is possessed in some degree by other things 
besides the brain, but the brain alone possesses them all 
in a high degree. This is the reason for asking you to 
study Nature's work in other living things beside the 
child. 
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CHAPTER IV. 

OBSERVATION AND DESCRIFl'ION OF FACTS. 

When you give a description of your observations in How to 
a child, it is well to commence by stating under what ^^^^^ ^ 
circumstances your observations are made, and the 
previous occupations of the child. Note approximately, 
or by actual measurement, his height and weight, and 
the complexion and colour of the hair and eyes. At 
the same time note the form, proportions and general 
make of the body. Thus: — he may be tall and thin; 
short, stout, very fat\ or coarsely built and clownish*. 
Much has been written by authors on physiognomy, 
about the proportions, the size and the form of the head; 
observe well-made children, and contrast them with the^"^^ 
less favoured. Study good works of art, and thus train Art. 

^ A big fat boy aged 12, in Standard II., the biggest boy in the Cases. 
class. Looks of low type, with coarsely made lips. Hands both in 
the "Nei^Vous type posture"; coarse horizontal frontal creases. 
Some jerky movements of the head, with some irregular movements 
of the trunk. He was reported in the school as dull, not trouble- 
some. He was a big fat boy of low brain-power and mentally dull. 

2 A boy age 13, Standard III. Head wide, and lower jaw 
large, features otherwise normal. Expression good. Horizontal 
lines on forehead from over-action of the frontal muscles. Weak 
hand posture with lateral twitching of fingers. Well nourished. 
Dull and lazy. A boy of low type. 

Both these boys certainly require education, but they may be 
unfitted for the work of the ordinary standards; probably some 
form of manual training would be the most suitable for them. 

4—2 
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yourselves to know good types of human form, when 
you see them. 
The head. As to the head, estimate or measure the circumference, 
note the height of the vertex above the level of the ears, 
the position of the greatest transverse diameter, the 
facial angle and the build of the forehead; it may be 
high, broad and ample, or low and contracted between 
Defects, the temples. As defects, the head may be too large and 
flat, with a very projecting forehead due to early rickets; 
it may have a raised seam down the middle, or it may 
be lumpy; these are defects. The texture and arrange- 
ment of the hair may be worthy of notice, so whether it 
cease in a sharp line at the forehead, or cover that part 
Thefea- as a soft long down. The separate features must be 
tiires, described. The ears should be symmetrical, but one or 
both may be misshapen, contracted in the rim, or other- 
Mouth, wise defective. The mouth may be large or too smair, 
with thick, coarse lips, or they may be thin and well cut. 
Eyelids sometimes have a vertical fold of skin at the 
Epi' inner angle (epicanthus), like that seen in some of the 

canthus, Japanese races ; this is a defect. The cheek-bones may 
Skin, be high and prominent. A good skin is thin, bright 
and clear, not too pale, and shewing a play of colour, 
especially if the complexion be fair*. 

Cases. 1 Report on Schools, p. 8. 

* 809. A boy 7 years old, Standard I. Epicanthic folds 
slightly marked, openings between eyelids (palpebral fissures) and 
the mouth too small. He was a fat boy and shewed no obvious 
nerve-defects. His work in school was average, but he was known 
as a boy who would fight in the streets. 

609. A girl aged 10, Standard V. The head was big, fore- 
head wide and bulging in the upper part. Palate high and narrow ; 
ears normal ; she was thin. Hands ** nervous type of posture," finger 
twitching. She was mentally very bright, but not perfectly well 
developed and distinctly nervous. 
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Now turning to the signs of the action of the nerve- 
system upon the body. The trunk should be erect and 
symmetrical, well curved and mobile, with the head ba- 
lanced erect on the top of the spine. 

A boy aged lo, Standard IV. Head long from back to front 
(dolicho-cephalic) and lumpy. Upper forehead protuberant with- 
out bosses. Palate narrow and high ; features good. The muscles 
in the forehead were over-acting, producing horizontal creases. He 
was pigeon-breasted from the effects of rickets ; thin in the limbs, 
but not in the face, and of good colour. Teacher said he was a good 
boy and rather above the average in intelligence. 

As to the significance of defects of the head and features much 
information may be gleaned from the Report of observations in 
schools. 

Visible defects of the skull were seen in 231 children (boys 166, Defects of 
girls 65) out of the 5,344 (boys 2,794, girls 2,550) examined. The head. 
coincidence of "signs of nervousness, nerve- weakness, or defect,** 
**low nutrition" and "mental dulness'* as reported is shewn thus: 

Boys. Girls. Total. 
Badly-made heads with signs of nervousness, 

nerve-weakness, etc. 59 
„ „ „ „ low nutrition . . 43 

,, ,, „ mental dulness . 52 

If you want to study examples of badly-made heads, look for them 
in the boys' school, where they are most abundant. 

As to the significance of defects of ears, this defect is to be rated Defects of 
much lower in value than badly-made heads. In the Report there ^^f^' 
are 81 cases (boys 64, girls 17) with defective ears. 
Defect of ears in combination with : 

"Nerve-signs" in boys 24, girls 5, total 29. 
"Low nutrition" in boys 17, girls 4, total 21. 
"Mental dulness** in boys 24, girls 4, total 28. 
These conditions, e.g. Nerve-signs, Mental dulness and Low nutrition, 
often coexist in the same case. 

In 73 cases presenting other visible defects than those given 
above we found as follows : 

"Nerve-signs** in boys 23, girls 4, total 27. 
"Low nutrition" in boys 10, girls 4, total 14. 
** Mental dulness*' in boys 18, girls 4, total 22, 
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Postures Postures and movements are signs of action in the 

tmdmove- nerve-centres ; they are direct outcomes of nerve-currents 
passing from the centres to the muscles; both classes of 
signs may be observed in such parts of the body as can 
move separately. It will assist future descriptions if I 
Postures of here give some typical postures. There are four principal 
postures of the head — flexion, a bending forward on the 
breast; — extension, or bending of the head backward, as 
in gazing upwards; — rotation to one or other side in a 
horizontal plane, the head remaining erect, but the face 
being turned to the right or left; — inclination to one or 
other side, lowering that ear so that the two do not 
remain on the same level, — inclination is said to be 
towards that side on which the ear is lowest. The pos- 
ture may be compound, the head may be flexed, inclined 
and rotated to the right, or it may be extended and 
inclined to the left, etc. The same terms as those here 
employed for differing positions of the head may be 
used in describing its movements; it may be flexed, 
inclined, etc. 
How to When about to observe the spontaneous postures 

\and, assumed in the arms, or upper extremities of a child, I 
ask him to stand up, and explaining what is meant by 
the palm of the hand, say — " Put out your hands with 
the palms down, spreading the fingers," — speaking in a 
quiet tone, and not shewing my own hands. It is then 
possible to notice the postures of the body, the head, 
and the spine, the arms and the hands, as well as the 
movements of these parts. This action of the child is 
convenient, leaving the arms and hands free, and ready 
for observation and description. 
Straight The typical hand posture seen in health and strength, 

hand. jg jj^^ straight extended hand. The fingers are straight 
with the palm of the hand, and on a level with the fore- 
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arm and shoulder, the palm of the hand, or metacarpus, 
is straight, not arched transversely, or contracted as in 




Fig. 3. — Straight Extended Hand. 
Hand digits and bones of palm in same plane with forearm. 

the feeble hand. All parts are in the same horizontal 
plane. 

The second typical posture is but a slight deviation 
from the first; the thumb with its metacarpal bone being 




Fig. 4. — Straight Extended Hand with Thumb Drooped. 
Same as above, with thumb and its metacarpal bone drooped or 

partially flexed. 
drooped, all other parts being on the same level as 
before. 




Fig. 5. — Hand in Rest. 

Slight general bending (flexion) of all joints, palm very slightly 

bent or contracted. 
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The hand in rest is the natural posture when it is 
not being energized by the brain. 

There is slight flexion of the wrist and fingers, and 
slight arching of the palm of the hand. 

The energetic hand is a posture produced under 
moderately strong brain stimulation. The wrist is ex- 
tended, the fingers and thumb being moderately flexed. 




Fig. 6. — Energetic Hand. 
Wrist extended ; digits somewhat flexed. 

The four typical postures that have been given are 
normal as signs of certain healthy brain states. 




Fig. 7. — Nervous Hand. 
Wrist flexed; palm somewhat contracted; fingers extended back- 
wards at knuckles, or meta-carpophalangeal joints ; thumb 
extended. 
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The nervous hand is due to an abnormal brain state, 
an ill-balanced condition of the brain centre. The i^Tist 
is flexed, the metacarpus slightly contracted, the thumb 
somewhat separated from the other digits, the fingers 
and the thumb are bent backwards at the knuckle-joints. 
This posture is directly opposite (in direct antithesis) to 
the energetic hand, the wrist and knuckle-joints being 
in exactly opposite positions in the two attitudes \ 




palm or 



Fig. 8. — Feeble Hand. 
Wrist and all joints more flexed or bent than in C. 
metacarpus much contracted. 

* Comparison of the "Energetic hand" and the "Nervous hand Opposite 
posture" affords a good example of opposite (antithetical) postures ; /^^/w^-^J. 
look at the position of the same joints in the two cases. 

Nervous hand. Energetic hand, 

flexed extended 

extended flexed 

flexed „ 

extended ,, 

slightly separated slightly drawn 
together 



Wrist 

Knuckle-joints 

Joints of fingers 

Thumb 

Relative position of the fingers 
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The feeble hand presents moderate general flexion; 
this is seen in the wrist, thumb and fingers, the palm of 
the hand being considerably contracted, thus approxi- 
mating the thumb and little finger. It probably repre- 
sents the least possible amount of force coming from the 
nerve-centres to the muscles of the limb ; muscular tone 
is here lower than in the hand in rest. 

The convulsive hand. The closed fist, or the clenched 
hand, has the fingers strongly drawn over the thumb, 
which is pressed upon the palm of the hand. The palm 
is contracted, or drawn together. 




Fig. 9. — Convulsive Hand. 

Palm contracted, thumb flexed on palm and fingers flexed, 

i.e. closed fist. 

These postures are opposite one to the other, and so are the condi- 
tions in which they occur. The nervous hand posture is seen in 
weak and excitable children, the energetic hand is seen in a strong 
and eager child, who signifies his readiness to answer a question by 
holding out his hand, or in a little child running to his father. In 
an antique gem may be seen the engraving of a warrior lifting up 
and playing with his infant son, whose hands are both in the ener- 
getic posture. So ancient are the present modes of expression in 
man. In the bronze statuettes of the Hamilton collection at the 
British Museum we see to-day Venus represented with the nervous 
hand. Drawings of similar modes of expression may be seen on 
the Etruscan vasest See Physical Expr^ssiQn, p. 300, 
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To complete the types, the hand in fright will be 
described, but I do not think it is often seen in real life. 
The wrist is extended as well as all the fingers; this 
posture thus differs from the energetic hand only in the 
character of extension of the fingers \ 




Fig. 10. — Hand in Fright. 

Wrist extended; palm straight, fingers and thumb extended 

straight. 

^ The hand postures most commonly seen in schools are the 
"Nervous hand" and the "Weak or feeble hand"; their relative 
frequency is thus given in the Report of 5,344 pupils. 

Boys. Girls. Total. 
"Nervous hand" in 69 74 143 

,, with twitching of fingers 21 18 39 

„ with arching of the back for- 

wards (Lordosis) 16 30 46 

,, with horizontal creases in the 

forehead, shewing frontal 
jnuscles over- acting 16 ; 17 
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Finger While observing the hand posture of the child you 

** are describing, look also for any finger movements ^ 

In speaking of symmetry of postures of the body, we 
must take separately the median parts and the limbs. 
The head, when held erect, is in a symmetrical posture, 

Boys. Girls. Total 
Examples. ** Nervous hand " with relaxation of circular 

muscle of eyelids 
„ without other nerve-signs 

"Weak hand" in 

„ with twitching of fingers 

„ with arching of the back for- 

wards (Lordosis) 4 9 13 

„ with horizontal creases in the 

forehead, she\4dng frontal 
muscles over-acting 9 i 10 

„ with relaxation of circular 

muscle of eyelids 3 4 7 

,, without other nerve-signs 10 11 21 

* The hand when held out should be steady, but it is not un- 
common to see twitching movements of the fingers in young chil- 
dren and in nervous pupils. These twitching movements may be 
in flexion and extension, or lateral; the lateral twitches are less 
common but are more indicative of an over mobile brain. Remem- 
ber that every twitch you see corresponds to the discharge of a 
weak nerve-current from some centre in the brain. The number of 
twitches in each hand should be looked to : these movements com- 
monly accompany the ** nervous hand posture." 







Boys. 


Girls. 


Total. 


" Finger twitchings" were seen in 


45 


37 


82 


„ „ with 


"Nervous hand" 


11 


18 


39 


,, ,, ,, 


"Weak hand" 


6 


8 


14 


9) ») n 


Lordosis 


7 


II 


18 


,, ,, ,, 


frontals over-acting 


If 


1 


13 


»» »» »» 


relaxation of circular 










muscle of eyelids 


3 


3 


6 


>» i» »» 


without other nerve- 










signs 


IX 


8 


19 
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so also when it is flexed or extended ; to produce such Asym- 
balance, both sides of the brain must act equally, and at V^^^ ^ 
the same time. If the head be rotated to the right, this 
indicates more force sent from the left half of the brain 
than from the right ; asymmetry of posture means un- 
equal action of parts of the brain. Similarly unequal 
action and asymmetry of posture may cause the spine 
to bend over to one or other side, this is very commonly 
seen in weak children. If the two arms be held out, we 
may see a posture of weakness on one side only, more 
usually in the left hand, or the characteristic posture 
may be more strongly marked on one side. Thus we 
frequently see the nervous-hand posture strongly marked 
on the left side, and less distinct on the right, thus indi- 
cating a difterent balance of the action of the corre- 
sponding nerve-centres on the two sides. All postures 
are the results of the last movements of the parts, and 
indicate ratios of nerve-muscular action ; movements in 
the parts of the body are the direct outcome of the 
nerve currents passing from the centres to the muscles. Descrip- 

In describing movements, we must indicate the parts ^'^'^ ^ 
° . ^ niove- 

movmg ; in the upper extremity we have the upper arm, mmts, 
the forearm, the bones of the palm of the hand (meta- 
carpus), the thumb and fingers; movement can only 
occur at a joint, so the movement of the joint defines 
the movement. We speak of movement of the shoulder, 
elbow, wrist and knuckle-joints. There is a different 
physiological significance in movement of large joints, 
such as shoulder and elbow, from that implied by the 
movement of small parts, such as the fingers ^ Move- 

^ Spontaneous movements of small parts are often signs of a 
very mobile brain or indicate nervousness, fatigue, etc. ; the repeated 
similar movement of larger parts, as shrugging the shoulders or 
rotating the head, often indicates some defective condition or pecu- 
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Time of 
movement. 



Quantity 
of move- 
ment. 



A child 
seizing an 
orange. 



Speech, 



ments of the eyes are movements of small parts, in com- 
parison to those of the head and trunk. If correspond- 
ing parts on opposite sides of the body move synchro- 
nously and equally, their movements are similar and may 
be called symmetrical, as indicating similar action in 
either half of the brain. Having noted the part moving, 
the direction of movement must be indicated, the terms 
used have been given. 

The movement itself as seen, has only two attributes, 
time and quantity. This matter has been fully discussed 
elsewhere (Anatomy of Movement). As to the time of 
a movement, we may note the time of day when it is 
seen, its duration, and the frequency of its repetition, as 
well as what circumstances precede it, and what results 
from its action. 

The quantity of a movement is in part indicated by 
the amount of displacement, or distance through which 
the part moves. The interval of time between the sti- 
mulation preceding the act, and the act itself, is of great 
importance. So much as to the attributes of a move- 
ment ; in practice you will often see many movements at 
the same time ; many parts moving together in groups, 
or in series. What is commonly called an action, as 
carving, or writing, is an observed combination, or series 
of acts or movements \ A child sees an orange; he 
seizes it and eats it. This action seen in the child is 
a series of acts or movements, each of which can be 
performed separately, and the character of the action 

liarity of development The changeful expression of the face is a 
series of fine movements ; in contrast we may see frequent grinning 
or frowning as a sign of defective make. 

* Speech is a series of movements, the chatter of children is 
equivalent to their other spontaneous movements; the words 
uttered are produced by numerous small movements and frequent 
repetition may occur. 
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depends upon the time, and the quantity of each of the 
component movements. It is the sight of the orange, 
the impression produced by light reflected from the 
orange, that is the antecedent of this series of move- 
ments, controlling their time and order, and the quantity 
of each component movement. Coincident movements Coincident 
may be of many or of few parts* In giving a descrip- ^^^^' 
tion of what you see in a child, note whether many or 
few parts move together, whether one, two, or all the 
fingers open and close together, and whether similar 
parts move on either side. 

A movement of part of the body is a physical fact ; Movement 
when you have observed it, try and make out what was ~^^ V^^^'i 
its necessary antecedent or exciting cause. Movements sequence. 
are commonly stimulated by impressions made upon the 
senses by light, sound, or touch. Feeding may lessen 
or increase the number of movements, hence observe the 
effects of taking food. 

Movements are the facts we are now dealing with as 
signs of brain states; certain movements of parts, and 
groups of parts of the body, which are commonly met 
with, are deserving of special description. 

The face is a very accurate index of the action of the The Face. 
brain. Either side of the face can move separately, and 
the various mobile features may have separate action. 
To examine a face in detail, hold a sheet of paper in 
front of it, with one edge vertical covering the median 
line; either half of the face can thus be examined in 
turn. Again, the face may be divided into three zones, 
or horizontal areas — the upper, middle, and lower. To 
define each in turn, hold the sheet of paper with one 
margin horizontal, leaving the forehead above the eye- 
brows uncovered, — this shews the upper zone ; next view 
only that part of the face which is below the lower 
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margin of the orbits, or sockets for the eyes, shewing the 
mouth, the greater part of the cheeks, and the openings 
of the nose, — this is the lower zone. Lastly, the middle 
zone may be demonstrated alone by holding the hori- 
zontal margin of one sheet of paper so as to cover all 
above the eyebrows, and another covering the lower zone. 
A few words may be said as to movement in each part 
as defined. 
Facial '^^^ ^^^ ^v^^^ of the face usually act together, each 

symmetry corresponding part on either side moving in equal de- 
menT^ gree ; i.e. movements of the face are usually symmetrical. 
In three rather low class expressions, viz. winking with 
one eye, one-sided grinning, and in sneering or uncovering 
one canine tooth, we see asymmetry of facial movement. 
The muscles in the frontal zone produce furrows in 
the skin in two directions, horizontal from side to side, 
and vertically towards the centre approximating the eye- 
brows*. When you see such action, note if it is appa- 
rently produced by a strong light, or whether it appears 
to be spontaneous. A large circular muscle closes the 
eyelids, but this muscle has other interest for us; its tone 
varies greatly according to the state of brain power; 
when this is low, this circular muscle is toneless and 

Frowning, ^ If you observe these points often, and in many children, you 
will soon learn to put a different value upon the two classes of 
action. Horizontal creases in the forehead are produced by action 
of the frontal muscles : over-action of these in a child's face is a 
rather low-class sign, as may be judged of by the following facts. 
In the Report on children in 14 London schools we note 124 cases 
of "Frontal niuscles over-acting" (boys 109, girls 15, total 124), 
but they are very unequally distributed among the two groups of 
schools. 

10 Public Elementary Schools shewed 43 cases out of 3,931 
children. 4 Special Schools shewed 81 cases out of 1,413 children. 
These 4 Special Schools are a large pauper school, school for 
the Deaf and Dumb, and two Certified Industrial Schools. 
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relaxed. In a strong and healthy face, the lower eyelid Fulness 
appears clean cut, and the rotundity of the eyeball can "' ^'^ ^^^^' 
be seen underneath it; when the circular muscle is re- 
laxed, the skin of the lower lid bulges forward, the under 
eyelid is full and baggy, or swollen ; this is common in 
exhaustion with a tendency to headaches ^ If you make 
the child laugh, you temporarily energize this muscle, Valtuof 
and the appearance described is temporarily lost. A low ^^^ ^^* 
tone of this muscle may lead to the eyelids being par- 
tially open during sleep. 

The parts about the mouth move in eating and 
in speaking. The angles of the mouth can be drawn 
upwards, downwards, or outwards widening the mouth. 
The strong circular muscle of the mouth can draw the 
lips together, and thrust them forward in pouting. 

The varying expression of the face is due to variations 
of movement, however slight they may be; an expres- 
sionless face is one that does not move and vary in the 
tone of its muscles. The liveliness of the faces of chil- 
dren is due to every changing muscular tone movement 
occurring as often as in the fingers and other parts. In 
analysing faces it is necessary sometimes to observe the 
tone of the skin. I often examine the parts of the face 
with a magnifying glass to determine the tone of the 
various facial muscles. 

A face may look bright or dull ; several elements A bright 
tend to produce such appearances. The colour of the-^^^^* 
face, in as far as it is fixed, is due to pigment in the 

^ 829. A boy 1 1 years old, in Standard VI. No defect in phy- 
siognomy, except that the right ear is not well shapen. He is over- 
mobile, and says himself that he is clumsy at home. The circular 
muscle of the eyelids is relaxed while he is at his work, but recovers 
a good tone when he is spoken to. Physical health and nutrition 
appear to be average, and teacher says he is intelligent. 

w. 5 
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skin ; the colour that comes and goes from the skin and 
lips is due to action of the nerve-system upon the super- 
ficial blood-vessels. Ever varying expression is another 
element in the brightness of a face ; but besides these 
factors, we have the form and fulness of the tissues of the 
face, as mainly determined by its amount of fat. SUght 
degrees of emaciation make the skin dull, it becomes 
full of minute creases on the surface ; when fat increases 
A dull it brightens again. A dull face suggests weighing the 
f^^' child, but do not take the face alone as an index of 

nutrition, look also to the arms and legs, they may be 
thin when the face is fat. 
A long A face may be long, actually longer than it should 

-'^^' be, owing to the jaw being depressed or fallen, and also 

from a general relaxed condition of the muscles. From 
what has been said it appears that when we look at a 
human face we see its form or physiognomy, and the 
signs of brain-action produced by currents passing from 
it to the muscles. We see something more than this 
however, all previous mobile expressions of the face 
have left their mark behind, and have stamped an 
expression of the character of the man. 
Blushing. We cannot leave the observation of the face without 
some reference to blushing. The heightened colour is 
due to the increased blood supply in the small vessels of 
the skin; the increased flow of blood is determined by 
certain nerves, termed **the sympathetic," whose action 
often corresponds with those brain states which accom- 
pany the "emotions." When blushing is seen, search 
for the cause, if no determining antecedent is apparent, 
it is probably due to a mental condition, try to find out 
what this may be. 
TA^ Eyes, Passing on to speak of the eyes — I refer to the eye- 
balls, not to the eyelids which cover them. The eye- 
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balls are seated in their sockets, the orbits of the skull, 
resting among the fatty tissue which supports them. If 
that fat be diminished in quantity, the eyeball sinks 
back into the orbit; if the fat becomes congested and 
swollen up, it protrudes the eye somewhat. The move- Movements 
ments of the eyes are effected by small muscles attached ^ ^^^^' 
to the eyes, and to the walls of the orbits. The eyes 
move together, so that when one turns to the right, so 
does the other. In looking at near objects, say at nine 
inches from the face, the eyes turn slightly, but equally, 
towards one another. 

The action called staring may be due partly to the Staring, 
eyeballs being immovable for some seconds, and partly 
to retraction of the upper eyelids. Each element should 
be observed separately. In noting movements of the 
eyes, distinguish movements of the eyes in the orbits 
from turning of the head with the eyes towards the 
object looked at ; the two acts are different. Move- Movements 
ments of the eyes in the orbits indicate action of small ^/^^^ 
muscles ; movement of the head is effected by larger 
muscles. The infant often moves its head without 
moving the eyes ; movement of eyes in the orbits is the 
greater sign of intelligence. 

Movements of the eyes are not equally common in Direction 
all directions, more movements occur in the horizontal ^^^^' 
direction than in the vertical. When the eyes turn 
towards objects, this is due to their muscles being sti- 
mulated by brain-currents, generated by the sight of the 
objects. In observing movements of the eyes, notice 
whether they are obviously guided by sights or sounds 
around, or whether it be not so. Movements of the 
eyes not controlled as to their number and direction by 
obvious circumstances, present or antecedent, must be 
called spontaneous, and looked upon as signs of ner- 

5—2 
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Wander- vousness. Irregular movements of the eyes are common 
ing eyes, \^ children, and are very significant of their brain con- 
dition ; they may be looked upon as analogous to spon- 
taneous twitchings of the fingers. The size of the pupils 
of the eye should be observed ; if it contracts to light ; 
its size may also be determined by the brain state. 
Full-face When the child stands up and holds out his hands, 

and profile \^ jg ^^ ^q get both a full face and a profile view, and 
view, , , ^ , , . , 

look for any movements there may be, notmg the part 

moved, and the direction of its movement. The finger 
movements may be in two directions — they may be in 
flexion and extension, or they may be lateral ; these 
latter are performed by smaller muscles, and are most 
important signs of irritability of brain. The flexor- 
extensor movements can be seen in full face, or in the 
profile view; the lateral movements of the fingers are 
best seen in front of the child. Looking at movements of 
the digits, note whether the separate parts usually move 
together or not, the constant repetition of one series of 
movements is often very senseless. In nervous twitch- 
ing it is more common to see one or two fingers only 
moving, corresponding to discharge of nerve-currents 
from small brain areas. There may be movements of the 
palm of the hand, extending and contracting it. 

Having spoken of movements in various parts of the 
body, let me direct your attention to what are commonly 
called the * kinds,' or special characters of the movements 
seen. 
Sponta- Spontaneous movements. The term implies that no 

neous special antecedents have been determined for such move- 
ments, stimulating the nerve-centres — they are supposed 
to have no special relations to the surroundings. Such 
movements are constant in infants and very young chil- 
dren, becoming less spontaneous and more controlled by 
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sights and sounds as growth and development advance. 
Movements are described as twitchings, when quick and 
seen in small parts, not effecting any useful purpose. 
Tremor is a term appHed to the rapid and uniform move- 
ment of a part, the displacement being but slight; 
tremors are often of a rate of over 200 per minute. 

Reflex movements refer to the action of a special Reflex 
nerve-muscular apparatus, an afferent nerve-tract, and ^^^^*^^^' 
the stimulus acting upon a sensory surface followed by 
movement. An essential character of what is commonly 
called a reflex movement is, that the movement quickly 
follows upon the stimulation, without any perceptible 
interval. If the eyeball is touched, the eyelids are 
quickly closed; this movement, and this alone, follows 
the impression produced as a reflex action. It will be 
seen that, common reflex movements thus differ con- 
siderably from those we shall speak of as signs of 
intelligence. You may observe certain movements, which Mcvements 
are said to indicate intelligence; such are the "^ost |.^^^/''''^ 
interesting, but the most difficult to define. It sttms gence. 
that the purposive, or intelligent character of a series of 
movements is not due to its intrinsic attributes, but to 
its antecedents and sequents. The ordinary respiratory 
movements are not signs of intelligence, but when they 
are modified by sights and sounds around, as speech 
and laughter, they may indicate intelligence. Without 
giving an exact physical description of what is meant 
by intelligent movements, it may be said that their out- 
come is in . harmony with the impression producing 
them. All movements in the body, however they be 
classified, are physical phenomena, and are due to 
physical antecedents. 

Voluntary and mental movements. Movements when Voluntary 
studied as signs of mental action are often said to be ^'^/j. 
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voluntary, more or less voluntary in contrast to others 
described as automatic or spontaneous. Probably we 
cannot define a voluntary movement, but we may explain 
what conditions observed make us call it more or less 
voluntary. A movement following upon a word of 
command may be considered voluntary. Respiratory 
movements when occurring in a uniform series are not 
considered voluntary, but when the action is specially 
modified, as in speaking, or in singing, where the action 
is regulated by the sound of music, they are more volun- 
tary. The movements of respiration in the infant are 
uniform, except when the child cries as an expression of 
pain or other mental emotion \ in the adult many forms 
of emotion are expressed by variation in respiratory 
action, as in fear and anger. The modified respiratory 
actions termed sighing, laughing, singing, etc., may be 
signs of mental states, because they indicate nerve-states 
modified by special circumstances or antecedents. We 
consider such signs as mental phenomena, not so much 
on account of their (attributes or) intrinsic characters, as 
because of their relation to antecedents — the previous 
sight or sound. When no special antecedents of the act 
of sighing are known it is often said to be spontaneous, 
automatic, or involuntary. The voluntary character of a 
movement appears to be indicated partly by its relation to 
some antecedent impression and in part by its sequence. 
Useful acts are often considered to be voluntary, and 
these are such as produce some result. The voluntary 
character is also in part due to its control by some 
impression in place of spontaneous action; it may also 
be due to a change from one series of acts to another. 
In other cases the voluntary character is admitted because 
the act is obviously an example of delayed expression 
of some previous impression. As examples of voluntary 
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and intelligent action, see — the ready reply, the exact 
copy, the act appropriate to the circumstance. 

A complex series of movements of many parts in Series of 
succession, i. e. a compound series of movements follow- "^^^' 
ing some slight stimulus through eye or ear without 
reinforcement of brain action and producing some result 
or impression, is usually intelligent and voluntary; the 
more distinctly we see the action controlled by circum- 
stances without reinforcement the more is it like an 
intelligent and voluntary action. We see a cat sitting An intelU- 
on the doorstep of a house, a dog comes by, the cat^*^^^ 
simply moves behind the raihngs without any excess of 
movement or display of emotion — that is a voluntary and 
intelligent act, the outcome of experience or previous im- 
pressions. 

Observation, comparison, and accurate study diX^ Study of 
necessary in order to understand what is going on in ^^^^f^^ ^ 
children's brains. Looking at the whole body as to 
movements occurring in its parts, compare ratios of 
action in parts corresponding on the two sides; consider 
the ratio of movements of small parts to large parts in 
the arm and the head — the number of movements of 
digits in relation to those of the wrist and elbow, com- 
pared with movements of the eyes in relation to the 
head, etc 

In this lecture, physical signs which you may observe Physical 
have been indicated, without any reference to their ^'^^• 
significance. This has been done intentionally; I desire 
that you should observe facts, then think about them 
and draw conclusions. 

In the next lecture, descriptions will be given of 
various conditions seen in children, the terms employed 
being such as have been enumerated above. 
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CHAPTER V. 

DESCRIPTION OF VARIOUS CONDITIONS IN CHILDREN. 

We commonly speak of various conditions as seen in 
children, such as consciousness, sleep, fatigue; such 
names are of scientific value when we have determined 
their physical connotation, or the physical signs by which 
we recognise the condition; each such term stands in 
place of the group of signs which express the condition. 
The most important condition of a child's brain is that 
Conscious- indicated by the signs of Consciousness, You will find 
*^^^' that the movements accompanying and expressing con- 

sciousness are such as are stimulated by circumstances 
acting upon its brain through the senses. If speaking to 
the child, or shewing him objects, is followed by his 
speaking, or by his hands moving towards the object, he 
is said to be conscious, or if he subsequently speaks of 
the object, he is said to have been conscious when the 
thing was presented to him, because we see that his nerve- 
centres were impressed by the sight of it. If at night 
Sleep. you Stand by his bedside while he is sound asleep and 
unconscious, you see general absence of all movements 
except those of breathing ; if you speak to him in a low 
voice, or hold a toy in front of him, he does not speak or 
move. There may be some movements of his limbs, or 
fingers, but such are not determined by objects around, 
they are not the outcome of impressions produced from 
without at the time of your observation. 
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Such absence of movement in a child when spoken to 
does not necessarily imply sleep, he may shew the signs 
of sleep given above, but next day he may repeat what 
you said to him when he was quiet, proving that he was 
impressionable, and that an impression was produced, but 
that the expression was delayed. Absence of movement LittU force 
in sleep indicates that nerve-currents are not passing, at ^^^j/^i^^ 
any rate not with great strength, from the brain to the 
muscles. Nutrition of the brain is probably going on 
uniformly throughout, but no expenditure of force is 
taking place. It is often said there may be different 
depths of sleep ; sleep may be full and complete, with Depth of 
loss of most forms of impressionability. In healthy sleep ^^^^^' 
the tone of the circular muscles of the eyelids is sufficient 
to keep them closed, but in some weakly children they 
remain half open, shewing a part of the white portion of 
the eye\ If you gently raise the arm, by one finger 
in the wrist-band, the hand of the child in sleep falls into 
the posture of rest (see fig. 5); there may possibly 
be some twitching of the fingers. You may hear the 
child grinding his teeth, this is not a good sign. Tooth- Tooth- 
grinding is due to the united action of the muscles of -^ •^' 
mastication moving the lower jaw; these muscles are 
supplied by the motor division of the fifth nerve of the 
brain, and the sensory fibres of that nerve supply the 
membranes of the brain, as well as parts outside the head. 
Tooth-grinding shews brain irritation. Dreams may be Dreams. 
supposed to trouble a child when he cries out during his 
sleep, but the words he says may have no relation in fact 
with his work during the day. Restless nights mean a 
brain not perfectly nourished during sleep. The import- 
ance of imperfect sleep is to be measured by sequential 

' See Anatomy of Movement^ p. 33, as to eye movements in 
sleep. 
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signs of fatigue and irritability. Sleep is essentially in- 
dicated by lessened impressionability, and diminished 
flow of nerve-currents to the muscles, the face becomes 
less mobile, the head falls forward, the circular muscles 
of the eyelids overcome the elevators of the upper lids, 
the eyelids close and the body may fall if not supported— « 
the child is asleep. Healthy sleep is followed by much 
spontaneous activity and increased impressionability. 

Fatigue is the name given to the condition which 
follows exertion, it is removable by rest, but if not re- 
lieved, passes on to exhaustion. Among the visible 
signs indicating fatigue in the individual, I may mention 
the slight amount of force expended in movement, and 
the small number of movements. There appears to be 
a lessened total of force passing from the nerve-centres 
to the muscles. There seems to be general evidence 
that lessened force in the brain is apt to be followed 
by asymmetry of action, the two sides not acting 
equally; the result is asymmetry of postures, atfd un- 
equal movements in the two sides of the body. Nerve- 
centres when weakened by over-work are often irritable, 
giving out force on the slightest stimulation, or upon no 
apparent stimulation. As you look at the child you see 
too little movement, or occasional jerky movements, 
not controlled by circumstances. The balance of the 
trunk and head is probably asymmetrical, probably the 
head is inclined to one side. The arms, when extended, 
may not be on the same level, the feeble hand or other 
weak posture, is seen, possibly, with some finger twitch- 
ing. The eye-movements may not be distinctly fixed by 
the sight of objects around; the face is less lively 
looking, less mobile, possibly there may be fulness under 
either eye, owing to a relaxed state of the circular muscles 
of the eyelids. You will, of course, note the circum- 
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stances under which those observations are made, that 
you may determine the cause and remove it. In the 
state of fatigue, the body comes more directly under the 
influence of gravity; if work be persisted in by the 
student, the body should be supported as by an appro- 
priate chair ; food may be needed. 

If expenditure of force continue after fatigue has Exkaus- 
existed for some time, the more severe condition termed ^"^' 
Exhaustion supervenes. In the movements that occur 
there is very little force, and they are not well under the 
control of the senses ; the balance of the body is asym- 
metrical, the head may hang too forward, and to one or 
the other side, the spine be too much bent forward Bent spine. 
in the loins (Lordosis), and bent back in the higher 
part. Putting the hands forward causes much alteration 
of the balance of the trunk; the feeble hand or the 
nervous hand may be observed probably with finger 
twitchings in flexion and extension or in lateral move- 
ments. The eyes probably wander ; the face is motion- 
less and pale, often the under eyelids are full and pufly. 
The face may be elongated from relaxation of its muscles 
and slight falling of the jaw, the mouth being partially 
open. The ordinary movements of expression are not 
excited by the ordinary stimuli, and such movements as 
do occur are slow and delayed. The face may have a Want of 
dull appearance from ill nutrition and shrinking of its ^^^^"^^" 
fat, and the eyes may be slightly sunken from the same 
cause. 

A stronger stimulus than usual is required to induce 
the child to hold out his hands, the feeble or nervous 
posture is then seen with ill balance of the head and 
spine. Sighing and yawning are spasmodic movements Sighing 
common in exhaustion, speech may be slow, and the ^«^.y««^- 
voice altered in tone or even lost. In exhaustion we 
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often find that the nerve-centres are too ready to send 
out currents to the muscles without being stimulated, 
and the time and quantity of their action is not deter- 
mined by circumstances around. A slight noise may 
make him start; on the other hand, speaking to him 
may not be followed by a ready reply, the useless start- 
ing movement is in excess, the reply we want cannot 
be got from him. You will find it difficult in this con- 
dition of the child's brain to form any new organization 
for movements, or to get him to learn anything. Further, 
there may be a tendency to an action, the opposite to 
that usually under the circumstances — ^an inverted ratio 
of action among the centres. When irritable, a child 
may turn his head away from the sight of objects, which 
in happier moments he would look at. You say he 
turns his head away from his dinner because he is irri- 
table and peevish; his nerve-centres turn his head away 
at the sight of food because they are not in good acting 
order. Reflex action is usually in excess in the state 
of exhaustion, movements upon touch are excessive, 
hence it is not well to try and impress the child much 
when in such a condition. 

The condition termed irritability in a child is usually 
an accompaniment of fatigue or exhaustion. Such state 
is indicated by the following signs ; a slight noise makes 
him start, this is a reflex movement in excess, a reflex 
action that does not occur in the more perfect condition 
of health under such stimulus. In irritability other 
stimuli besides sound may produce excessive reflex 
action; a touch upon the shoulder is followed by a 
sudden movement. Not only is the amount of reflex 
movement excessive, and out of due proportion to the 
stimulus, but the kind of movement may differ from that 
usually following such a stimulus under better conditions 
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of the nerve-system. A child three years of age, when irrUa- 
irritable, may turn away his head from a familiar object ^^^'^• 
such as usually attracts his attention, or from the sight 
of his food, and say "no, no*'; here the sight of the 
object, instead of causing a reflex movement of head, 
eyes and hands towards the object, moves them all from 
it. The irritability of the nerve-centres is indicated by 
movements in the opposite direction from that which 
the same stimulus would produce in a more restful con- 
dition. Besides these reflex signs we find the voice Voice 
altered, when spoken to he may answer sharply; the^*^^^^- 
motor force generally is lessened and irregular in kind ; 
twitching irregular movements like the spontaneous 
movements of younger children are not uncommon in 
•this state of " irritability,'* which seems to be a condition 
of reduction to a more infantile state. Nervous children i^-rita- 

often shew marked signs of irritability, the spontaneous ^^^^^y 

, r ^ . . , , , ,. . results 

postures assumed are those of fatigue, with the addition /^^^ ex. 

of slight irregular twitching movements. This irritability ^^^f^- 
may result from exhaustion, and like explosions of 
passion, it may lead to exhaustion. Abnormal con- It produces 
ditions in the body, particularly in the stomach, may ^^io^^^' 
render the child irritable, so may fever or other illness. 
The child that is irritable may require rest and feeding; 
inquire as to his sleeping, and do not try to produce 
much impression on him while in this state by talking. 

Fatigue and exhaustion are best removed by feeding The 
and rest. Restfulness implies recreation of the parts ^^^^^y- 
fatigued or exhausted; the nerve-centres are the parts 
most needing rest after work, and these do not all get 
equally tired. One occupation exercises or tires one 
set of centres, a different occupation may exercise an- 
other set of centres and allow the first set to rest; reading 
may be followed by writing, and this exercise by singing. 
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which employs the respiratory nerve-apparatus. On the 
other hand the centres concerned in mental work may 
alone be fatigued, as indicated by the eyes not being 
readily drawn to the work, and by uncertainty of reply 
to questions, and delay in replying. The nerve-muscular 
apparatus concerned in active play may be found in good 
order when the lesson is finished. 
Rest. Complete rest is needed at times; the whole of the body 

and brain at times require to go through a period of quiet 
nutrition, without any expenditure of force that can be 
avoided. This may best be effected after feeding, when 
the blood is rich with nutritive material. The signs of 
restfulness are negative, absence of movement, as in 
sleep, indeed this state differs from sleep only — we will 
not say in the retention of consciousness but — ^in the 
signs of impressionability ; the child when resting speaks 
if spoken to, and is impressed by what he sees and hears. 
To procure complete rest, let the sources of impressions 
be removed from around him. It has been said that 
the signs of rest are negative ; that rest has been eflfected 
is known by subsequent activity, an increase of spon- 
taneous action, greater capacity for the proper functions 
of the brain, and the removal of all signs of fatigue. 
Rest, not Rest is a condition of nutrition leading to the signs 

/fw<r»rt- q£ recreation indicated by subsequent activity. The 
most essential element in the expression of the condition 
rest, is the subsequent activity. During rest there is 
still impressionability which affords a distinguishing 
character between simple rest and sleep ; arising out of 
this we have the fact that in rest uncomplicated by sleep, 
the eyelids usually remain open. 

One of the special characters of rest is the absence 
of movement, although impressionability is retained. 
Rest is usually preceded by fatigue, and it is followed by 
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activity ; the sequential signs of recreation and activity 
indicate that during the period in which movement was 
absent there was rest Rest is expressed by the present 
signs of rest, followed by the signs of recreation and 
activity. 

As a matter of interest it may be noted that forces, Value of 
such as the sound of soothing music, may affect move- ^^^^^ 
ments. Music may cause a man to keep quiet and rest 
In contradistinction to the state of rest we have activity. 
The condition of activity is indicated by actions, i.e. move- 
ments. In activity with strength, the movements are 
probably fewer in number than in the state of irritability, 
and the kinds of movement differ in the two conditions. 

One sign of healthy activity is a quick response of Healthy 
movement upon stimulation, for example the movement ^^*^^^y* 
follows quickly upon the sight of an object, or on hearing 
a sound. If such movements are looked upon as reflex 
actions, the quick and ready answer is a reflex series of 
movements when the period of latency is short ; this of 
course implies also that impressionability is good. 

The necessity for alternation of activity and rest in 
training young people arises from the fact that each is 
necessary to aid the nutrition, growth and development 
of the body and brain. 

The signs of nutrition are so important, that although Nutrition, 
the subject has been touched upon, I must speak of it 
again here. A well-nourished body has a weight and 
height equal to that of the average for the age, the 
proportions of the various parts are the normal, the skin 
is of healthy colour, and the tissues beneath it are firm, 
the face is full and bright. A body thus well nourished 
is not necessarily possessed of a well-nourished brain, a 
body badly nourished is probably never possessed of a 
brain well nourished, for this, of all the parts of the 
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Nutrition body, suffers the first in conditions of depression. The 

ofbody and ^<^^^^ of the brain must be observed independently of 

the rest of the body of which it is a part : look to the 

various signs of brain action as they have been described. 

When brain action is defective, observe how impressions 

are produced upon it by sights and sounds, it may not 

be sufficiently stimulated by the events of daily life, and 

need special training. 

Signs of Nutrition may be expressed by (i) form or growth, 

nutntton, ^^^ (2) by motion which is due to nutrition. 

As evidence that motor signs, or movements and 
the results of movements, may express nutrition, let us 
examine a few examples. 

(i) In an ill-nourished infant spontaneous move- 
ment is much lessened or the child may lie almost 
motionless, instead of being constantly full of movement 
while awake. The return of spontaneous movement is 
a sign of the improved nutrition. 

(2) In a man after a severe illness, such as a fever, 
the tone of the voice is usually altered so that we can no 
longer recognise the individual by his voice, this motor 
sign as well as the worn countenance indicates the man's 
lowered nutrition. Returning health is shewn by the 
patient "looking like himself" and "recovering his old 
voice." 

(3) In a child seven years old emaciation, and ill- 
nutrition, indicated by loss of weight, may be accom- 
panied by St Vitus' dance or finger twitching, which 
disappears when weight increases and nutrition is im- 
proved. 

(4) A strong well-nourished man is less fidgety than 
a weak one. Now as to the expression of nutrition by 
form and growth, proportions of growth often indicate 
conditions of nutrition. 
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A seedling pea-plant if kept in a room with deficient Nutrition 
light is not well nourished, and the ill nutrition is indi- ^f^ ^^^^' 
cated by the small yellow leaves and the long white 
stem. That good nutrition has not occurred during the 
life of the plant is demonstrated by the fact that the plant 
when dry weighs less than the seed from which it grew. 
Here ill nutrition is expressed by the relative growth of 
leaves and stem, the leaves being very small, the stem 
very long. In children we often see growth for a time 
occur in height without lateral development, then the 
proportions of growth change, and the child fattens. 

The signs of nutrition must be observed not only in Look not 
the face but also in the limbs, the face may be of good J|^ ^^ ^ ^ 
colour and fat, but the rest of the body may be thin. 
Low nutrition may depend on many causes, among 
others it may coexist with defects of development, as is 
shewn in the table on defects of the body given below. 

Nutrition is often low in ill-developed children, such 
as those with poor physiognomy, or defects of the head 
or the features. Referring to the Report on Schools Observa- 
we find an analysis of 231 children (boys 153, girls 78) ^^'^^ 
with cranial abnormalities, i.e. badly made skulls, of 
these signs of low nutrition were found in 67 cases 
(43 boys, 24 girls). 

In such cases good feeding may be helpful, but this 
alone will probably not cause the children to be well 
nourished. 

As coincident conditions with low nutrition as seen 
in 184 children (100 boys, 84 girls) we found: — 

Boys Girls Total 

liOw nutrition with signs of nervousness,! 

nerve-weakness or defect/ 

„ „ cranial abnormaUties 

„ „ mental dulness 

W. 
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Headaches* Headaches often accompany signs of exhaustion. 
You cannot see the headache, that is a subjective con- 
dition; it is not well often to ask children as to their 
feelings, the outward manifestation of their brain state 
is of far greater importance. I usually consider the 
accompaniment of headaches probable, when a child 
presents the signs to be given as characteristic of the 
nervous condition. Headaches in children may be excited 
by defects of eyesight, which can be detected on careful 

spectacles, examination ; and corrected by the use of proper glasses ; 
such correction may remove the headaches, and also 
prevent development of squint. Headaches may be 
produced by want of ventilation in living and sleeping 
rooms, by injudicious feeding, and by overwork; it must 
always be remembered that head-pain is common in 
cases of brain disease. The tendency to the develop- 
ment of nervous headaches is often inherited, such 
known tendency should forewarn those in charge of the 
child; suggesting, not neglect of education, but early 
detection of the signs of brain fatigue, and avoidance of 
exhaustion. Exhaustion may be produced at home or 
at school, late dinners and late hours lead to asymmetry 
of postures, nervous twitchings, and fulness under the 
eyes next day, grave defects in the eyes of all who look 
to the future happiness of the child. 

Mental Suppose a boy is observed while making a speech in 

excitetnent, g, debating Society — one person says "he shows much 
mental excitement"; another says his speech is rapid 
and the same words are frequently repeated. The right 
foot is planted firmly, the right arm is raised free from 
the body and the fingers move much, while the left hand 
rests firmly on the table at his side; there is much 
movement of individual parts of the face but action is 
here symmetrical; the eyes are moved frequently both 
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laterally and sometimes in the vertical direction as he Signs of 
continues speaking, while the head is occasionally ex- excitement. 
tended the muscles of the forehead contracting the 
while. The sight of people around and their occasional 
remarks do not control his action; and when his left 
hand is raised it gesticulates frequently though in less 
degree than the right. When louder remarks among 
his audience do produce some impression upon him, the 
indications thereof immediately follow, and the retort is 
not delayed. At last the words said and his visible 
action markedly differ from those usual under such cir- 
cumstances, or his own at other times. 

As a summary, or definition of this condition, we may Brain 
say, " It is a condition indicated by rapid cerebral action, ^^^5^^^. 
with some repetition, unequal action occurs in the two ing. 
hemispheres of the brain ; there is much movement of small 
parts with cerebral reinforcements, diminished aptitude 
for control, much spontaneity, while the action following 
upon stimulation is often different from the normal, and 
the outcome of any impressions received is not delayed \" 

Let me describe a typical example of a nervous child. A nervaus 
Complaints may be made of a child that he sleeps 
badly, talks at night, grinds his teeth, emaciates, although 
there is no disease of any of the organs, often suffers 
from headache, and is irritable, though quick in mind 
and affectionate. Let such a child stand up, and ob- 
serve him. As to conditions of growth, defects of pro- 
portional development are commonly seen. The form His make 
and make of the head, and the features, as well as the ^^ ^ ^' 
characters of the skin may be good. The height of the 
child in relation of circumference, or to weight, is defec- 
tive, the child is too tall and too thin; either fat or 
muscle, or both, may be defective in quantity. The 
1 See Author's paper, Journal of Mental Science^ April, 1889. 
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emaciation may be unequally distributed, often it is 
less in the face than in the limbs and trunk. 

Now as to the motor signs indicating the state of the 
nerve-system. Let the hands be held out with the palms 
downwards and the fijigers spread. The left upper 
extremity is probably at a lower level than the right; 
"the nervous hand" is seen on either side, perhaps more 
marked on the left ; there may be finger twitching, sepa- 
rate digits moving in flexion and extension, or laterally. 
The head is sUghtly flexed with some inclination and 
rotation usually to the right. The spine is arched too 
forward in the loins, often with inequality in the level of 
the shoulders, and slight lateral curvature. The face as 
a whole, is too immobile, although there may be some 
over-action of the muscles widening the mouth, on one 
or on both sides. The eyes move much, mostly in the 
horizontal direction, these movements not being fully 
controlled by the sight and sounds of objects around, 
except under strong stimulation. The tongue, when pro- 
truded, is too mobile; some of the teeth are usually 
found ground at their tips, this is most commonly the 
case with the canines. 

Such a child should be watched carefully as to matters 
of health, he should rest much, and never be allowed to 
get exhausted by work, play, or late hours. 

Certain general conditions of the brain will now be 
described in terms which indicate points for observation. 
A child is said to be inert when slow in all his move- 
ments, each movement itself being slow, the formation 
of compound movements (associated movements), and 
the time of action after stimulation being all behindhand. 
In such a case look for signs of defect in make of the 
features; signs of ill nutrition and exhaustion; in any 
case a wisely conducted training is specially necessary 
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to aid brain development. In such a child you will Training 
want to see signs of increasing brain power, quicker ^^^/f^' . 
movement upon stimulation, the action being more ex- 
actly and quickly controlled by the eye, and the ear; 
greater strength for fatigue; greater capacity for the 
formation of the groups of movements or unions among 
nerve-centres. Increasing brain development is also 
shown by lessened spontaneous movement, as the child 
grows up, concurrent with increase of intelligent move- 
ments controlled through the senses; the power to sleep 
and rest should remain unimpaired. 

The indications of mental anxiety and bodily pain Mental 
may be compared. In looking at children it is well to ^^^fLi 
see what is wrong before trying to find out its cause. /d!/«. 
Looking at the face you may see an average or fixed 
expression, principally located in the frontal zone, as 
vertical furrows, not apparently due to present impressions 
through the senses, but apparently a delayed expression 
of long antecedent impression. Such usually indicates 
a brain state corresponding to mental anxiety or pain as 
distinguished from suffering due to states of other parts 
of the body. Such observation in the face of a child 
would suggest searching for its cause; of this I shall 
speak again in the last lecture. Suffering produced by 
some part of the body, at the time of observation, is 
indicated in the lower part of the face by depression of 
the angles of the mouth ; depressed angles of the mouth 
suggest enquiry as to some cause of pain, or something 
acting, and about to produce an outburst of crying. In 
searching for a cause of the expression of mental anxiety, 
watch the face as you touch upon various subjects in 
conversation ; see what increases, or what diminishes, the 
appearance; it may be that all conversation lessens the 
appearance of anxiety, which returns the most when the 
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Expres' child is left unimpressed, then it is probably due to some 
sionofasad ^y^^^ thought OT fear. In the condition of mental pain, 

memory, ^. , i , t 

corresponding to a memory or a sad thought, the expres- 
sion there is written in the forehead, the eyebrows being 
drawn together with vertical creases, I have seen a class 
of boys all (corrugating) with their eyebrows thus knit 
when hard at mathematical work. A placid face with 
changeful expression is an index free to show us varying 
brain states. 
Signs of The signs of joy have been well described by Sir 

^*^* Charles Bell*. " In joy, the eyebrow is raised mode- 

rately, but without any angularity ; the forehead is smooth, 
the eye full, lively and sparkling; the nostril is moderately 
inflated, and a smile is on the lips. In all the exhilarating 
emotions, the eyebrow, the eyelids, the nostril and the 
angle of the mouth are raised. In the depressing passions 
it is the reverse. For example, in discontent the brow 
is clouded, the nose peculiarly arched, and the angle of 
the mouth drawn down." In Bell's account of joy, the 
first paragraph is in terms of nerve-muscular movements; 
then comes the paragraph " the eye full, lively and spark- 
ling,'' this is an artistic expression I fail to analyse; does 
the * full eye ' mean a condition of parts outside the eye ? 
Does the term * lively ' apply to a muscular condition ? 
Does the * sparkling ' eye depend on tension due to mus- 
cular action ? I trust that further knowledge may enable 
us to include these under our principles of expression. 

Analysing BelFs description we find then that with 
the exception of one paragraph the terms used all imply 
movements and results of movements. 
Laughter, If we take Charles Darwin's description of laughter, 
we find it given in terms of movements, as are almost 
all his descriptions of expression. 

* Anatomy and Philosophy of Expression^ page 172. 
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" During laughter the mouth is open more or less C, Darwin 
widely, with the comers drawn much backwards, as well ^'^ , 
as a little upwards; and the upper lip is somewhat raised. 
The drawing back of the corners is best seen in mode- 
rate laughter, and especially in a broad smile — the latter 
epithet showing how the m'outh is widened.... Dr Du- 
chenne^ repeatedly insists that, under the emotion of 
joy, the mouth is acted on convulsively by the great 
zygomatic muscles, which serve to draw the comers 
backwards and upwards; but judging from the manner 
in which the upper teeth are always exposed during 
laughter and broad smiling, as well as from my own 
sensations, I cannot doubt that some of the muscles 
running to the upper lip are likewise brought into mode- 
rate action. The upper and lower orbicular muscles of 
the eyes are at the same time more or less contracted : 
and there is an intimate connection, as explained in the 
chapter on weeping, between the orbicular^, especially 
the lower ones, and some of the muscles running to the 
upper lip." 

What good, what advantage is there in these special Advantage 
modes of describing what we see ? Our modes of descrip- %^^J^^ 
tion are such as allow of comparisons being made. We Horn, 
translate abstract quantities such as *joy' into concrete 
terms, such as movements, or conditions of form or 
development. We translate the terms used to describe 
the abstract property, into other terms the expression of 
the abstract The term * happiness ' is intended to indi- 
cate a certain condition of feeling which we all more or 
less understand; the thing happiness is an abstraction, 
but if we can define an expression of happiness in man, 
we can deal with the material expression of happiness, 
analyse and study it. Having these descriptions before 
^ Micanisme de la Physionomie Humaine, Album, Legende VI. 
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US we can make some comparisons, or analogies. In 
laughter, which is an expression of joy or happiness, 
the angles of the mouth are drawn upwards, this is the 
very opposite to the expression of physical suffering. 
By defining the expression of the abstract thing happiness 
in terms of motor signs, we find problems to deal with, 
capable of physical investigation. 

If you desire to get help from physical science in 
educational work, you must observe physical facts and 
give your descriptions in such terms only as indicate 
what can be observed by physical processes. In truth 
you must avoid metaphysical descriptions in scientific 
work ; study Nature's works and write the history of all 
you see, expecting facts to be repeated under similar 
conditions. 

In observing the children, and searching for the con- 
ditions which produce in them what you see, remember 
that the principal sources of impression in a class are 
from the Teacher. Observe the effects of your own 
actions, especially your words of command and varying 
tones. Such stimulation acting upon children may change 
at once their facial expression, and remember that to 
alter a child's face has a secondary effect, altering its 
face by your command reacts upon its brain and alters 
its mental state. A bad face, put on for fun, is apt to 
call up bad feeling ; a good face, produced by imitation 
of yours, helps to raise in the child a "good state of 
mind." 

Imitation is a principle that serves to explain many 
phenomena that you see in children. I have touched 
upon this subject just now, but must say what facts 
appear to be included in this term, and what physiological 
conditions correspond. If a child sees the teacher make 
a certain movement, and he does the same, that is imi- 
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tation — the sight of your movement brings into activity 
the same combination of nerve-centres as you use. This 
is one means by which you determine action in the child's 
brain. 

In trying to observe, look for : — the signs of impres- Conditions 
sionability, retentiveness, inhibition, spontaneity, double ^^ ^^ ^' 
action and delayed expression', and thus judge whether 
there be a progressive increase of capacity for brain 
action. The signs of these conditions have been given 
in earlier lectures. 

Looking at groups of children associated for purposes of 
education, other considerations must engage your thoughts 
and direct your observations. Note specially any chil- Groups of 
dren above or below the average size and age, looking ^^^^* 
specially to see how such arrangement has come about 
either from natural or artificial causes, and whether it is 
working to the advantage of these particular children, 
and that of the class as a whole. 

Study the children individually, and look for any Look for 
signs of fatigue before and after lessons, look at them-^^^^^^* 
while teaching, when they are preparing lessons, and when 
they are at play. 

Study the surroundings of the class, and as far as School 
possible, the surroundings of each member in his or her conditiom, 
individual life. Much has been said and written about Condition 
the construction, ventilation and adornment of schools, of each 
as well as about the arrangements of desks and seats. 

All matters of domestic and school hygiene are of 
great importance, but do not come within the scope of 
my present purpose. 

^ Descriptions are given in the text, references may be found in 
the index. 
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CHAPTER VI. 

Method. — Management and Practice. 

Teacher^ s The duty of the teacher seems to consist of two parts 
^^mn^ — ^^ training, preparing and continuously improving 
himself and his methods of practice; and secondly, 
teaching and training the pupils. The teacher who does 
his full duty, will study the children, training himself to 
know what to observe, and how to think about his 
observations; and will acquire such general knowledge 
as may enable him to decide what to do under the 
circumstances. 

I suppose nobody can make an intelligent effort to 
teach others, without at the same time learning some- 
thing himself; it will then not be necessary that I should 
separate what has to be said about learning for ourselves, 
and teaching and training others. 

I do not speak as being myself engaged in teaching 
boys and girls, but for many years I have closely studied 
them, and have also been engaged in College teaching, 
and University examinations, etc. 
The child Let US commence with the child on arriving in the 
schoolroom. The teacher looks at each member of the 
class, thinking more about them than of the lesson, and 
continues to observe them closely during lesson time. I 
have dwelt upon the importance of observing and de- 
scribing actual facts occurring in children, as far as they 
are observable. 
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Say you are thinking about a child who gives trouble A fidgety 
from being fidgety; you observe the movements which ^^^^*^- 
indicate the fidgetiness, the parts that move principally, 
whether hands or feet, whether one or both sides, thus 
looking to head, face, eyes, limbs, etc. As to the results 
of these movements, they are such that the class cannot 
be allowed to be so disturbed. Thinking about the 
child, you recall other conditions of excess of move- 
ment. You look to the antecedents of this fidgeti- 
ness, and under what circumstances it increases or 
diminishes ; thus you will gain knowledge for future use 
in management. Fidgetiness may occur in healthy Causes, 
children when exhausted, when long confined in close 
rooms, or when wanting food. Commencing chorea 
may be mistaken for mere fidgetiness, it is very often 
one-sided. 

The boy is peevish, apt to mutter and complain, silly A />eevish 
and childish — carefully observe him; all reflex-actions ^^-^'* 
are wrong, call him and his head turns away, when you 
speak to him, no reply comes, when you say nothing, 
out come his complaints. His phrases are simple, dis- 
connected, and like those used by a younger child. The 
boy is for the time reduced, or turned back to the brain 
condition of a baby. There are some spontaneous move- 
ments, these are but little controlled by his surroundings. 
Let him be quiet, while he sees others happy and at Manage- 
work, imitation may make him seek to join them. In ^^^^^' 
such brain condition, an important sign of return to 
baby-like condition is the limitation of vocabulary and 
repetition of words. Food in such cases is useful, espe- 
cially beef-tea, which is stimulating. 

Irritability of temper may result from exhaustion, Irritabi- 
and it may produce exhaustion ; in such conditions look ^^^yfr^^ 
carefully for antecedent conditions producing them. Do Hon, 
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Irritabi- not let children look ill-tempered, the facial expression 

lUymay ^g^^g to raise the feeling. 
produce ex- . ° 

haustion. I do not wish to appear to say that all child-faults are 

due to weakness, and even those that are must be cor- 
Lying, rected and overcome Lying in children, especially the 
petty untruths of word and action in young children, 
appear often to coincide with two forms of brain, con- 
dition that can be dealt with; over-mental activity not 
as yet trained to precision in action, and the condition 
Signs of of brain which leads to the manifestation of fear, timidity 
andmmtal^'^^ confusion when suddenly spoken to. The latter 
confusion, brain state is indicated by many reflexes being out of 
good working order; the door slamming makes him 
start, he likes to be quiet ; when someone enters the room 
suddenly, he drops his book and then says he didn't. 
Do not call that lying, give him time, be very quiet, and 
do not produce any strong impression on him by what 
you say as — "is he not a nervous child?" If well man- 
aged, all will come right. In such children the sense of 
an injustice is often keen. Such cases differ greatly 
from deliberate lying to gain an object in a child who 
has no signs of physical defect. 
Inatten- The cerebral condition producing inattention may be 

due either to change in the brain tissue itself, or to 
conditions in its blood supply. Where there has been 
prolonged absence of food, the blood is proportionately 
poor; when heavy food has been taken, the blood is 
drawn away from the brain to the digestive organs. On 
the other hand, the brain may be fatigued as the result 
of much force given out from it. Inattention is, I sus- 
pect, much more often due to the brain being impressed 
by other things than those which should at the time 
attract the attention and impress it The brain is not 
free and disengaged, as it was shown in Chapter II., it 
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must be in order that it may be duly impressionable to 
stimulation from without. It may be under the impres- 
sion of the sight of some object, or the impression of a 
previous game, or an arrangement made for one to follow 
school walk. 

In speaking of hysteria, I shall not give a medical Hysteria. 
description of the condition so termed, but the following 
signs may lead us to anticipate a tendency to hysteria. 
Such children are over-mobile, fidgety with their fingers, 
and fidgety with their dress; the eyes may be restless, 
and other signs of nervousness may be seen. The eyes Signs of 
may be restless, the postures of the head, hand and spine ^[^^^^^' 
asymmetrical; there is laughing in undue amount, and 
other expressions of emotion upon any impression, the 
tendency to laughter being contagious among such girls.' 
Expression of feelings and admiration, both in word 
and gesture, may be too highly wrought, and the head 
may be often extended. Too much attention is excited 
by their own personal appearance, and that of other 
people; there is a want of control over words and 
actions, and too few signs of mental action. The ten- 
dency to hysteria may be inherited, its signs may be 
imitated, there is predisposition in weak and nervous Its imita- 
girls. This brain condition appears to consist essentially ^^^* 
in too great a governance of mental states by impressions 
from other parts of the body, rather than by sights and 
sounds from without. Early detection of this tendency 
is important, that you may check its growth. Avoid Manage- 
exhaustion, as from late hours; physical exercise and *^'^^^' 
early rising are to be recommended; check any asym- 
metry or bad postures. If possible, secure many interests, 
many sources of outward impressions for the child, 
teaching her to think much of others, and but little about 
herself. 
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We pass on from child-faults to certain mental states, 
which should be carefully looked for in young people. 
The term introspection is used to imply the habit in a 
child of thinking about his own thoughts — his own 
thoughts being the subject of his contemplation, rather 
than thoughts stimulated from outside. This introspec- 
tion, as a brain process, is very exhausting, particularly 
when practised on retiring to rest in a half dormant 
state. Serious thinking about the mental state, goodness 
and badness, should, I think, be undertaken with the 
best mental faculties, and under guidance of a trained 
mind, and should always be followed by some action. 
Introspection is a form of self-impressionability, and 
owing to a want of impressionability from without. If 
this mental state often occur when we cannot impress 
the child, give him some fixed thought which he may 
learn to call up when his thoughts wander, as they often 
do, in trying to fall asleep ; let him use his imagination, 
and call up some pleasant landscape scene, the sight of 
Mother, etc. Muscular activity during the day tends to 
check the habit. This mental habit should be looked 
for in children with brain exhaustion, it may result from 
exhaustion, or may produce it. Some children are weakly, 
and must lie down and rest through the day; find out if 
the thoughts run wild, if so control them by reading 
aloud some simple and familiar story, and thus control 
the thoughts. 

Absent-mindedness, or a "brown study." You may 
sometimes see a child immoveable, apparently unim- 
pressed by all around him, the eyes fixed with a stare. 
You conclude he was not thinking, for no expression of 
his thoughts can be got from him. Such habits ought to 
be checked. 

Fixed mental impressions are important, some you 
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may desire to build up, others you will desire to remove. Fixed 
The first thing is to discover their existence— a fixed, or ^'^«'^^*'''- 
oft-repeated facial expression not in harmony with cir- 
cumstances, may accompany a fixed thought, e.g. the 
expression of mental anxiety may accompany illusions. 
Blushing, - not due to such external impressions as ordi- 
narily produce it, may be due to a fixed thought. Find 
out the source of the fixed thought, that produced it ; 
it may be some object seen which caused a fright; 
epilepsy may follow from fright, and the oft-repeated 
imagination, or calling back to view the frightful sight, 
or the mental impression it produced, may do much 
harm. 

Illusions are not uncommon among children and Illusions, 
adults who have perfectly sound brains. The child may 
over and over again see an ugly man or woman, a dog 
or a wolf; such illusions may cause secret fear, or they 
may not annoy him. Get the child to confess its illu- 
sions, explain that they are only dreams, do not speak 
of them, but do not avoid them; look in the child's 
rooms for any object that may suggest the illusion to 
him. 

Memory is an important faculty to cultivate, but it Memory. 
is not as valuable as the faculty of thinking. Memory, 
as a physical function of the brain, is due to its reten- 
tiveness of impressions received, and if carried too far, 
may lead to so many * ties', or unions among nerve- 
centres, as to limit the number of 'free centres' ready 
for further impressions. Strong leading thoughts, ox Fixed 
fixed impressions (too ready to be easily brought voxo P^'^^^P^^^* 
action) may be firmly remembered; they are useful like 
fixed moral principles, but too many of them cripple 
the spontaneous action which otherwise might lead to 
new thoughts, following from fresh impressions. 
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The want of good memory, and forgetfulness, may 
be due to what has been described as inattention, or the 
action of some strong stimulus, external or intrinsic. 

Some of the subjects I have submitted for your 
consideration in these lectures, may suggest methods for 
use in mental training. Suppose an object lesson on 
botany; you want to use some piece of nature's work 
placed before the class, or better still, in the hands of 
each pupil, as a means of training in observing and in 
thinking, and as a means of teaching processes of 
thought, and extending the mental capacities of the 
pupils, together with the cultivation of accuracy of 
method; — that is the desire of every scientific teacher. 
Observing is not necessarily thinking, but I will not now 
discuss the physiology of each process. Observing is 
receiving new impressions; thinking is a series of acts 
of psychosis that may follow such impressions. Obser- 
vation of an object may, or may not, lead to thinking ; 
it depends much upon the teacher whether the object 
lesson shall teach thinking, or observing only. Impres- 
sions, produced by the sight of the specimen, may be 
followed after it is removed by thought; descriptions 
given by the pupil are expressions of thoughts and help 
to enlarge his vocabulary. An important result of 
teaching by impressions made by the sight of objects is, 
that the results in the pupil are more exact than those 
produced by words — it is often more healthful to im- 
press young people by things seen, than by the expres- 
sion of our thoughts. I have found such methods of 
observing and thinking, as are used in Chapter 1., very 
useful in teaching a class to think, taking care to use 
examples enlarging and limiting the field of observation 
and thought, and showing the results of prolonging 
the duration of observation ; thus — limitation of field of 
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observation to cells of radicle of pea, and to individual 

tentacles of leaf of Drosera. I would also, examine the 

natural phenomena, described as to their antecedents and Logic 

sequents, and the further outcomes of the sequency, ^^yf^/^*^ 

I believe that logical processes of thinking may thus be lessons, 

taught to very young children. 

In teaching from natural objects, it is possible to The seen 

insist on the discrimination between terms implying ^^^^ 

r J o unseen* 

what can be seen, and what cannot. For the purposes 
of science, all descriptions should be given in terms 
connoting what can be seen. Scientific explanations 
should not assume an unseen and immeasurable thing, 
as a cause of physical facts seen and observed. We 
should, I think, be less anxious to dogmatise as to • 
'causes', more careful to distinguish antecedents and 
sequents; punctilious in distinguishing observations 
from inferences, and scrupulous in avoiding the assump- 
tion that any physical act is the outcome of anything 
but previous physical action. 

Mental states are probably due to the action oi Mental 
previous impressions, received by the brain in earlier ^^^'^'^* 
life, or through inheritance, — the processes of education 
— lessons and play, example and precept — are in part 
the forces building up the mental structure. The pos- 
sible inheritance of a tendency to certain mental states 
is most important in education. Children often have a Parent 
tendency to the same conditions of growth, and the ^^ ^^^^' 
same mental faults, as existed in one or both of the 
parents ; they may also inherit excellencies. Such faults 
of early life, the parent may have conquered in himself, 
and his struggles may lead him to think too seriously of 
that particular fault in his son — and too much of that 
fault only, instead of trying to develope the whole cha- 
racter — physical and mental energy. To understand the 

W. 7 
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child, study the parents — a strong predisposition to the 
early development of headache in children, is usual 
when one or both parents have much suffered thus — 
look for exhaustion and headache in such children. 

We wish to exercise all the powers of all parts of the 
brain, thus, you cultivate the capacity for action of small 
separate parts of the brain — action of the exact brain - 
centre called for; (precision of movements) — action of 
corresponding brain-centres on the two sides (symme- 
trical movements) — such action being produced by sti- 
mulation through eye and ear. Cultivate the faculty of 
imitation in the pupil, by making him do as you do, 
calling into action the same centres in him as you your- 
self employ. Cultivate regulation of ratios and quan- 
tity of action, as affecting grace and fitness of movement, 
the tone and regulation of the voice. 

Drilling lessons have often been looked upon only as 
means of "getting up the muscles", and they have been 
used accordingly, with the result that, as in the case of 
athletics, the maximum of good has not always been 
attained, and harm has sometimes resulted. A few 
words as to the physiology of calisthenics may not be 
out of place here. When a muscle, that is duly supplied 
with blood, is stimulated to action, and work is accom- 
plished by the muscular contraction, then the muscle 
grows. The nerve-centres are affected at the same time 
by the exercise, those that are caused to act in union, 
have those unions confirmed, and tend to act on future 
occasions with more exactness, and more quickly in 
similar stimulation. If the object of the physical exer- 
cise of the class be to drill the nerve-centres, increasing 
the quickness and precision of their action, then the 
brain-centre should, as far as possible, be free to receive 
the word of command, we must get the attention of the 
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class, and try to perfect the time of their actions, rather 
than to cause strong stimulation of the muscles. Leave Free exer- 
the muscles free, have nothing in the hands, when you ^^^^' 
wish mainly to deal with the nerve-centres — use no clubs 
or weights, and let the hands be open. Arrange your 
exercises so as to produce movements in some definite 
order, at the same time, let them effect but little me- 
chanical work ; let the movements, following your word Series of 
of command, be such as to exercise all the known phy- ^^^^j, 
siological groups of muscular actions, the groups of 
muscles supplied by each cranial nerve, the eyes, face, 
tongue, head and spine. In the limbs, exercise move- 
ments of the large parts and small parts, and movements 
of the separate digits in flexion and extension, as well as 
in lateral movements. Each group of muscular actions, 
due to the energy of a brain-centre, may be brought into 
action by drilling. 

Some very beautiful exercises with balls have been 
used, which tend, not only to regulate and quicken the 
effect of sight upon movement, but also to increase the 
power of accommodating vision as the eye* follows the 
ball. I think that this subject of drilling the ner\'e centres 
is well worthy of more serious attention than it has 
received. 

The child^s mental processes may be too slow and Quickness 
limited in number, then try, not only to quicken these, ^/^'^^" 
but also to quicken the capacity of the brain for all 
movements, and interaction of the ear, the eye, and the 
hand, as in games. 

Some children use too limited a vocabulary ; perhaps A limited 
this is best extended by talking to and with the child, Yary^' 
we must not wait for him to get his words from books. 
With deaf children, the oral method of teaching, when 
used alone in early life is often unsatisfactory, it does 

7—2 
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not give a vocabulary suffidently early for the develop- 
ment of mind action. Calisthenics are but one method 
of working the nerve-centres. It seems probable that 
the finer actions of the brain, in producing thoughts, 
may be well trained by seeing good works of art; form 
is probably more effectual for this purpose than shading 
and colour. I should like to see casts of statuary in 
all schools. 

Care of children of defective development. 

Excep- The care and training of children, whose conditions 

^^Thi ^^ development are not quite up to the average, is a very 
responsible duty. I do not refer to the care of the im- 
becile, and distinctly feeble-minded children, but of 
boys and girls distinctly below the average of their 
social class in make and in brain-power, children who 
will grow up to be men and women tending to failure, 
unless all their powers be drawn out, and they them- 
selves protected from the more difficult paths of life. 
We have no definite facts upon which to found a stand- 
ard of mental faculty, but I think that probably more 
than 5 per cent, of our school children are under class 
in some points of their development and brain-power. 
Such children should be known early to the educator, 
and specially studied and cared for. How can the 
teacher know from his observations, who in his school 
How to are the children below standard? A parent or master 
recognize jjj^y say, is this boy well developed, healthy, and strong, 
and IS his nerve-system at the present time m a good 
condition? The signs of defective development are of 
two kinds; (i) form, shape, proportions and structure of 
the parts of the body; (2) motor signs and visible con- 
ditions, such as were described in Lectures IV. and V. 
The height, weight, and proportions of the body may be 
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observed by actual measurement, or by a general view 
of the head, face, trunk and limbs. Mr Francis Galton, 
F.R.S. and Mr C. Roberts, F.R.C.S. have given us 
much useful information on this subject. The com- 
plexion, both the fixed colour due to pigmentation, and 
the varying colour due to the amount of blood in the 
skin, are noteworthy; blushing is an important sign of 
the action of the nerve-system. 

It is necessary to look at the body, as well as to the observa- 
postures and movements, from two points of view ; get a '^ ?^^ 
full face and a profile view. The head and the mobile 
features of the face may be first noted — the size of the 
head, its circumference, height of the vertex above the 
ears, the position of the greatest transverse diameter, 
also whether the head be round or long in shape. Other The body. 
points are the width and height of the forehead; the 
facial angle ; the position of the cheek bones ; the lower 
jaw, whether it be small and narrow, or large and heavy; 
the ears, whether they be well shapen and symmetrical. 
The structure, as well as the colour of the skin, and the 
colour and kind of hair are also worthy of description. 
The significance of these signs in part depends upon 
the observed frequency of coincidence of defects in 
these parts, when the brain is slightly defective in its . 
construction. The general signs of nutrition are, 
plumpness of the face and limbs, the eyes not being 
sunken, the skin being elastic, without flabbiness or dul- 
ness of its surface. 

If you think the signs of development defective, 
look to the postures and movements of the body, both 
those that appear to be spontaneous, and those that are 
stimulated through the senses. Awkward and frequently 
repeated movements, not the sequence of a direct im- 
pression, or not in harmony therewith, should be checked. 
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Signs of such as clenching the fist, shrugging the shoulders, turn- 
condtHon jj^g ^^ \x^2.A Over One shoulder, and grimaces, etc. Biting 
system. Other children is a low class habit, not uncommon among 
young children. Notice any incongruous association of 
movements, such as repeated frowning and grinning, 
taking care, of course, that such are not the result of a 
strong light on the eyes at the time, etc. Defects in the 
nerve-system, when there are defects in the make of the 
Defects to body, are often more difficult to overcome. In all these 
be remedied ^^g^ges the moral sense should be carefully cultivated. A 
tion. child with such weaknesses or defects as have been referred 

to, should not be deprived of the benefits of a good 
education; rather he needs it more than others to prevent 
his failure. If there be some defects of development, 
they are probably capable of improvement, and our 
energies should be stimulated to overcome the defect. 
Improving A defect of muscle, or organ, or other part of the body, 
the bram, ^^y often be improved by training that part or faculty, 
— always without fatigue. Brains actually grow under 
stimulation. Spontaneous action should be encouraged, 
by carefully feeding and stimulating the individual facul- 
ties of the brain through the senses ; try and make the 
child impressionable to surrounding conditions by oft- 
repeated practice ; when you get more spontaneity, then 
train it. Never let a feeble child get exhausted as the 
outcome of your training — this is never allowed in an 
asylum school for the feeble-minded. Remove fixed 
habits, such as uniform gestures oft repeated, not in 
harmony with the circumstance. 
DrSegwin. ^^ the published Proceedings of the Conference on 
Education under Healthy Conditions^ Manchester, 1885, 
page 218, Dr Shuttleworth says, "More than that, it had 
been proved by some observations of Dr Segwin, that 
absolute increase in the volume of the brain took place 
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when instruction had been imparted, simply through the 
medium of the senses and the muscles — as in training 
the eye and hand." 

Stammering is often due to, or coincident with, some Stammer- 
defects in the development of the nerve-system. When ^^^' 
the boy stammers on commencing to speak, he almost 
immediately stops on uttering certain syllables or words, 
— he does not proceed in articulating because certain 
muscles are in a state of spasm. Stammering consists 
essentially of spasm in certain muscles, which prevents 
them from being freely acted on by the brain-centres — 
the range of the spasm, the number and groups of 
muscles affected, may vary in different cases. The 
spasm affects the face, especially the parts about the 
mouth, and may leave some permanent impress thereon, 
as marks upon the skin due to the oft-repeated recurring 
spasm — the mouth is partly open, the lower jaw slightly 
depressed and fixed — the tongue is seen near the tips of 
the lower teeth in tremor, the spasm of the tongue 
muscles may be felt below the lower jaw, and one 
muscle in the neck (Omo-hyoid) is sometimes in strong 
contraction. 

Management, to be effectual, must be long conti- Stammer- 
nued. Every prolonged attack of stammering tends to ^^ated^by 
its recurrence. When the spasm commences, stop it — those pre- 
let the boy stop speaking, that will arrest the spasm — ^^^^^^ ' 
he may try again presently. Stammering may be imi- 
tated by other children, they should not be allowed to 
imitate it, especially brothers and sisters with similar 
inheritance. Let me describe a case to you. 

A schoolboy, eleven years of age, was brought to ^ case of 
me because he had been liable to stammering for the \^T"^^' 
last four years; this trouble having been increased 
during the last three weeks, coincident with digestive 
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trouble. On asking him a simple question, he stam- 
mered in his reply. Looking in his face, the following 
conditions were seen. In the frontal region, spasm of 
the muscles produced both horizontal and vertical 
furrows; in the lower part of the face, the mouth was 
widened on either side, together with elevation of the 
upper lip, opposite the canine tooth, — this was more 
marked on the right side than on the left. 
Defective \^^^ ^^ make a few general remarks on defective 

children, , ., , ^^^ . ° . , . 

children. When seen m any exercise, there is apt to be 
unequal movement on the two sides of the body. In the 
face there is apt to be much frowning, and occasionally 
vertical furrows, owing to contraction of the eyebrows, 
not corresponding to the impression of any special 
stimulus. Such children are usually under the normal 
weight. A curious habit, often seen among the feeble- 
minded, is as follows : — ^if A hits B^ B will hit CJ not A, 
C hits Z>, and D breaks the window. Among the 
feeble-minded, when well cared for, exhaustion is rarely 
seen, but is carefully watched for. 
Eyesight. Conditions of eyesight in school children are very 

important; it is specially necessary that short sight 
should be early detected; if not cared for, it tends to 
increase, and endangers the health of the eyes. Exami- 
nation of the eyesight may be easily conducted in 
school. Let the set of test type be hung in a good light, 
each child in turn may be made to toe a line 20 feet 
from the type, those who cannot read the letters dis- 
tinctly have some defect, which should be further in- 
vestigated. 

The acquisition of knowledge should always have 
some practical aim; we may ask ourselves how may the 
study of children lead to better care of them ? I think 
some hints as to methods of management have been 



Digitized by VjOOQIC 



Method. — Management and Practice, 105 

given ; to give further point to what I think ought to Why 
be done, at the same time avoiding reference to the ^^^^^ 
work of individual groups of teachers, I will in these children? 
concluding remarks refer to Public elementary schools 
only. 

It will be granted that the educational processes Educa- 
should be adapted to the children, and it must be ^^^^^^^ 
admitted that the average methods must be adapted to 
the average child. Are the average methods of education 
adapted to all children ? A while ago it was found out 
that the deaf and the blind could not be taught in 
ordinary schoolrooms; these are now in part provided 
for by small special classes. I desire to draw attention RecognU 
to another class — the nervous, irritable children; children ^I^^mi^^I 
who are irregular in attendance on account of headaches, children. 
recurrent chorea, occasional fits ; habitual truants, whose 
brain defect can be proven; the child so dull that it 
remains among the infants and learns nothing. As a 
hospital physician, I meet with many such children ^ 
though doubtless they are but a small percentage of the 
school population, and from what I see, I think these 
are practically not educated *. 

Is this to the public advantage ? Why are the deaf Their edu- 
and blind educated ? A part of the reason is that they ^^l^, 
may not become paupers. Why are the children of 
slight brain defect uneducated — children tending to 
become passionate, to pick up bad habits and practise 
them, tending to criminality, or, if too feeble for that, to 
pauperism ? They are not neglected intentionally, but 
because they are not known to the school managers, it 
is nobody's business to find them out; they are not 
classified, and take their chance with the rest. Now my 

1 See Table at the end of Chapter VIII. 

^ Report of Royal Commission on Blind and Exceptional Children. 
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argument is, we can discover such children, and pick 
them out by definite physical signs; we can pick out 
from a class, the child not up to the average, the child 
tending to failure from want of brain-power. 

To say that such children are few in every school is 
no reason for their neglect; we rejoice that but few have 
such inborn conditions as make them tend to social 
failure, pauperism or crime, but we wish that none should 
thus fail. Let such tendencies be detected early, and 
pointed out to the educationalist, that he may tend such 
cases carefully, helping to correct the defects due to 
brain condition. 

Neglect in these matters does lead to unintentional 
cruelty to children, and to what I think more important, 
to the educational neglect of wrong-brained children. 
The teachers do not want to neglect them; such neglect 
is due to ignorance, for which the managers are respon- 
sible. Now, as to these wrong-brained children, they 
are worth helping; in most cases a genius is abnormal ; 
the very faults and nervousness may be trained to become 
admirable qualities — sensitiveness of mind, nobility of 
mind ; and the fidgety child may become an active man. 
Such children too often escape from an educational pro- 
cess unsuited to them, but still, better than no education. 
The nervous, excitable boy, always ill with sick headaches 
while at school, is excused from school attendance; at 
home he is idle ; too often the parents are neglectful and 
unwise; and as he grows up, when drink or passion 
inflame him, he commits some act bringing him within 
the power of the police. I have seen the education of 
many such continued with success when removed from 
large schools, and placed at inferior, but small and quiet 
schools. Again, the weak-brained, feeble-minded child 
often gets so teased, that at last he cannot be induced 
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to go to school; his attendance is excused on the ground 
of health. What becomes of him after that ? 

This raises the question whether the ordinary school Medical 
manager is able unassisted to discover the brain condition ^^J^chooh. 
of the children. Should there be an occasional medical 
inspection to aid the managers to determine how they 
may help on the development of the children? This 
might be met by occasional medical inspection, say 
once in the year. We are not speaking of questions 
of hygiene, or cases of illness. At the inspection, an 
experienced doctor, looking over the school class by 
class, would soon select those probably requiring some 
special care; the teachers would present for exami- 
nation any child they found specially troublesome, often 
complaining, short-sighted, very passionate, etc. ; and the 
cases of children excused from attendance on grounds 
of health would be considered ; advice might be given 
on all cases. 

At a school I recently visited, a child was presented 
by the teachers as *not dull but somehow wrong'; grave 
brain defect was obvious ; the advice given was to keep 
the child, if possible, at school and out of the gutters. 

A boy was brought to me who was frequently absent, 
and often punished when in school; he had a hare-lip, 
a defect of the heart, and an ill-developed brain. He 
has a right to be educated, and ought not to be punished 
for dulness of brain. 

As to training the brain to stand strains, I believe it Training 

is better for the nervous child to be educated. He must ^'^Z^^"' 

. to bear 

meet the shocks and strams of life, and if properly strains. 

educated and exercised, he will bear those shocks and 
strains better than if untrained to think and exercise self- 
control. 

What can be done for these children? A want is 
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Auxiliary pointed out, and we are prepared to show how this 
^^^"d^ special class of children may be classified^ and in indi- 
vidual cases, or a group of cases, we can say what will 
aid brain development ^ 

In classes for the dumb, I have seen cases very 
defective in brain being educated. In the highest class 
in Darenth Schools I have seen feeble-minded children 
being educated and sent out into the world. Small 
classes and special teachers could well manage the dull, 
the excitable, the wrongly-rnade children. 

As to the expense of teaching a few children in a 
small class room, instead of in a large room, would not 
the money be well spent in an effort to lessen crime, 
pauperism, and social failure ? Should the endeavour be 
made to educate and save the child, or to reform the 
drunkard and criminal, and redeem the pauper to society? 
I should like to see a tentative effort made. Provide 
inspection for a few large schools, and two small class- 
rooms with suitable teachers, and the truth of these 
statements would, I think, be soon demonstrated, and 
the value of classifying the brain-power of the children 
would be recognised. The school examiner classifies by 
intellectual functions only. Every weakly or troublesome 
child who now escapes from public education is a failure 
of the system, and every such child is likely to be a 
public harm. 

^ See Memorandum by Dr G. Shuttleworth in Report on 
Children in Schools. 
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CHAPTER VII. 

THE SIGNS OF MENTAL ACTION, THEIR OBSERVATION, 
SIGNIFICANCE AND MANAGEMENT. 

In former lectures I have spoken of the signs that Visible 
you may observe as indications of the physical condition, ^^^J^ 
and the brain state of a child, many points in physiog- states, 
nomy have been described as indicative of the child's 
development, and various movements and postures of 
the body have been given as signs of the condition of 
the nerve-system. I must now direct your attention 
specially to such actions as indicate the mental state and 
functions of the brain. 

As stated in former lectures, all visible expression All mental 
of mental states, and mental action, is by T^ovcmcnt ^^^^^^J'^' 
and results of movement ; it may be useful to give movetnent, 
examples of such mental signs as may be observed in 
school children. We have now to describe special series 
of movements, and their relations to surrounding objects, 
and actions in other people. 

As a means of giving a practical bearing to my re- 
marks, and to encourage your own observations, I do 
not propose entirely to dissociate action in the body of 
a mental kind from that effecting other purposes. It 
will be found that this association of the two kinds of 
action is useful in considering the practical questions 
of management ; it will be shown that when the child's 

Digitized by VjOOQIC 



I lo TJie Signs of Mental Action, their 



Mental 
state regu- 
lated by 
action. 



Classes of 
move- 
ments. 



Uniform 
series of 
acts. 



Walking, 



habits are too little varied in mental acts it is well to 
cultivate more varied general action, as in the move- 
ments induced by cricket and other games of skill, 
whereas when mental action is too vague and various, 
when spontaneous thoughts wander vaguely, and are not 
readily coordinated by circumstances, it is useful to 
render the movements in play and exercise more uni- 
form, i.e. less exciting. We may thus discover the prin- 
ciples by which we may judge what employments are 
likely to prove exciting. Of course in each case the 
practical outcome of your management must be ob- 
served, still, it is useful to form your plans of action upon 
some definite principles, and to know what facts to ob- 
serve and how to judge of their relative value. 

There are four great classes of movements considered 
in relation to the time of action of the visible parts of 
the body, (i) Uniform series. (2) Augmenting series. 
(3) Diminishing series. (4) Action adapted by circum- 
stances ; each of these modes of action will demand our 
separate consideration. 

A Uniform series of actions is seen when the indi- 
vidual does the same things over and over again. Walk- 
ing is a uniform series of acts, and is an example of the 
kind of action often called "automatic," for walking may 
occur almost without any stimulation through the senses, 
at any rate without such stimulation as produces "con- 
scious impressions". One reason why walking is not 
necessarily an intelligent act is because it is a uniform 
series of acts, i.e. a repetitive action, and it may occur 
without much control through the senses, a deaf man 
may walk in darkness, walking may occur to a great 
extent independently of external impressions. Walking 
and talking are two series of acts that may occur in an 
individual at the same time, the former may be a uni- 
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form series while the latter is much varied. For chil- Uniform 
dren, walking may be varied by running and playing. ^^^'*- 
To vary the more mechanical action, may lessen the 
amount of spontaneous thinking at the time, and lead 
to recreation of the mental faculties. Similar characters 
may be found in manipulative processes used as a 
means of training. In sloyd work making a peg uni- Sloyd 
form on every side is rightly placed early in the course, 
because it involves a uniform series of acts in cutting the 
wood equally on every side. To perform an action with 
exact uniformity is a result of training, and is a great 
advance upon the child's natural spontaneous action 
very akin in its nature to mental action. To make a Uniform- 
wooden spoon is not to perform a uniform series of acts. ^jL^, 
Dancing is a less uniform action than walking. The neity. 
game with a ball that a. child plays by himself is a more 
uniform series of acts than cricket. In some people Cricket, 
conversation is very uniform and slightly varied, and the 
vocabulary very limited. Some of the awkward "habits" "Habits:' 
of children are the repetition of uniform acts, such as 
lateral movements of the head, grinning, shrugging of 
the shoulders, frowning, putting the fingers in the 
mouth, etc., such uniformly repeated actions being ap- \ 
parently spontaneous, and not readily controlled by im- / 
pressions from without, are not adapted to the social ( 
circumstances. In teaching young children in a sloyd ) 
class it seems necessary to cultivate uniform and often 
repeated actions, which thus become more exact and 
uniform, a good training is thus effected, their spon- 
taneous action is thus brought under control by what 
is said to them and by the sight and touch of objects, 
this is a useful kind of training. With children the en- 
deavour of the teacher must always be to regulate theu: 
action through the senses; children are full of spon- 
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taneous movement, it is easier to coordinate these at 
first to a few uniform actions than to the many complex 
acts which constitute mental expression. 

Uniformity of a series of acts, or the frequent repe- 
tition of an act, is often useful. An action often re- 
peated may become more exact, i.e. it is not quite 
uniform but becomes more like the copy each time it is 
repeated. Uniformity is antithetical to spontaneity and 
to augmentation of a series of acts. 

Uniform series of movements may at first have to be 
produced in the child by impressions from, without, 
i.e. they must be taught, they may then be said to be 
conscious movements, or voluntary, as in the child who 
is being taught to walk, to speak, or to make a wooden 
peg, later, after frequent repetition, they are said to 
become automatic because they occur upon less ex- 
ternal impression. You may make such automatic 
action again "conscious or voluntary"— break the uni- 
formity of the action, make the child jump or run; 
probably thinking may be similarly automatic. The 
method of making a uniform unconscious Hne of action 
again voluntary is by producing some impression upon 
the individual, the consciousness seems to correspond 
to the construction of some (diatactic) new arrangement 
among the nerve-cells getting them ready for some new 
mode of action. Either walking, playing a game, or 
talking may become too uniform. On the other hand 
we often need to remove or to reduce the consciousness 
of action in a certain direction, this may be effected by 
frequent repetition under the least possible stimulus. 
Social manners are rendered more exact, and such action 
becomes more uniform, and less conscious, by frequent 
repetition, so thfit finally the action does not interfere 
with thinking on other matters. 
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Uniform series of acts, whether mental or motor, are Uniform 
the outcome of action in comparatively few brain-cells, ^'^''^^ 
but these nerve-cells perform more work than when the 
acts done are more varied in their series. In trying to 
remove some uniform action or fixed habit, note what 
stimulation produces it, whether it occurs without any 
stimulation, or upon every stimulation, as is sometimes 
the case ; it is also well to try what action may most 
easily be substituted for that which we wish to remove. 
This subject will be referred to again further on. Among 
uniform acts of an objectionable kind we may include 
the frequent use of slang words. 

I have seen a little boy five years old, standing before A dreamy 
me in a Kindergarten, with a narrow forehead, mouth ^^^^^. 
open, teeth grinding, face dull and expressionless, with gartm. 
creases on his forehead from irregular muscular action 
and frowning, his eyes directed towards me, but con- 
stantly moving irregularly ; he was thin and of slightly 
defective make. When spoken to ^hese irregular move- 
ments ceased, and his facial expression was good. When 
he sat down to his paper-folding, he worked away 
readily. Teacher said "he was dreamy, and did not 
work well". There is great hope of improvement for 
such a child, for his irregular action can be controlled ; 
suitable training may make a good man of such a boy, 
and the teacher is cultivating his power of attention to 
Kindergarten work. 

To replace a uniform action, is to cause a new line A new line 
of action. The conditions under which a new line q{ of action, 
action is most readily brought about are, where the 
nerve-centres are well nourished but stimulated to the 
least possible amount through the senses — the brain is 
thus left free and unoccupied. Previous training, 
i.e. previous impressions, make the brain more apt for 

W. 8 
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new brain action. A well-exercised brain is more apt 
to receive new impressions and produce new lines of 
action. It must be remembered that mental action 
may produce mental fatigue and inaptness for further 
mental action without signs of bodily fatigue. 
The spread An augmenting series of actions is seen in the spread- 
of action, -j^g q£ ^^ ^^^ q£ visible action ; this may be seen in 
the youngest children in the act of crying. The sound 
of a sharp word spoken to a child may be followed by 
depression of the angles of the mouth, alternate opening 
and closing of the eyelids; altered respiratory movements 
causing screaming, flushing of the face, and, finally, action 
spreading to all parts of the body, the boy cries, stamps, 
the fists are clenched and he hits out. This augmenting 
series of acts is produced by an increasing area of brain 
in action — no wonder that such a storm among the 
nerve-cells is followed by the signs of exhaustion. Such 
series of movements may occur, sequential to some 
stimulus, the final movement being much stronger than 
would be expected from the force of the primary stimulus, 
each group of acts as the series progresses increasing in 
number and in force. It is the spreading area of move- 
ments, or the augmenting number of parts moving, as the 
action proceeds, that is here specially indicated, such 
action being started by a slight stimulus while the force . 
expended is very great. In the act of crying, and in 
many instances of augmenting action in adults, such 
signs are considered as expressions of emotion or mental 
action. It appears that a nerve-centre in the brain may 
be excited by a stimulus from an organ of sense, and 
may then discharge its efferent force to more than one 
nerve-centre, so that the nerve-currents become rein- 
forced or strengthened as they proceed finally to the 
muscles which produce visible movements. Such rein- 
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forcements of action are seen in the youngest children. 
In yawning and in laughter we see an augmenting series Yawning, 
of actions ; all such are apt to be started off by imita- ^^i^^^- 
tion; we here see a reason for not allowing too many 
pupils of the same type, whether fatigued, nervous or ill- 
developed children to be congregated together. 

The march of visible action as seen in the child, or Spread of 
the order of the increasing area of movement, needs to ^^shoul- 
be observed. Is it from the larger parts to small ones, ders to eyes 
as in shrugging of the shoulders, or when the lower part 
of the spine is bent forwards, the head drooped, with 
subsequent movement of the hands, fingers, the eyes and 
facial muscles? Do the movements begin in the small 
parts about the face, and afterwards pass to larger parts, 
as in crying? To turn the eyes to another person, un- 
cover the canine teeth, set the mouth firmly, double the Fit of 
fist, plant the feet and hit out firom the shoulder, is to P^^^^^' 
bring parts of the body of increasing size into play ; to 
turn eyes and head away from the person previously 
seen, say some words and go through the movements 
described as crying, is to produce an increasing area of A storm 
movement, passing firom large parts to the action of small ^^"^^^S* 
parts. 

In the cases given the area of action may spread as Increasing 
the outcome of some present impression produced firom ^^^^^ 

^ r r from tm- 

without, in other cases it is due to the return of the pression or 

natiural spontaneous action of the brain-centres. In the ^P^' 
^ tanetty, 

child let out from school the crowd of movements seen 
results firom the resumption of natural activity uncon- 
trolled; the same thing probably occurs when fatigue 
leads to fidgetiness and playfulness. The signs of the 
rising storm after a sharp word form a very diflferent kind 
of augmenting action, and call for a different mode of 
management. It is not uncommon to find that with an 

8—2 
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tation in this is seen in conditions of mental excitement. Stam- 
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quickness, menng IS an augmentmg area of movement that has 

been described. 
Diminish' ^ diminishing series of actions is seen in a child, when 
ing action, after activity he quiets down, fewer and fewer parts of 
the body being seen in movement. This may be seen 
in the quelling of the rising storm, or in the subsidence 
of all action; it may indicate an intelligent state, or 
approaching somnolence. When the signs of emotion 
Quelling are subsiding the larger parts of the body become quiet 
emotion- first; the eyes, face and fingers move after the larger 
parts of the body are at rest. Acting upon this sug- 
gestion, cause some fresh action of these larger move- 
ments, it will relieve his feelings to hit out, to run round 
the room or catch a ball A good laugh, as being a 
series of acts commencing with small muscles, may com- 
pletely change the previous mode of brain action and 
remove the display of emotion. 
Usefulness To lessen the visible action, or to diminish the number 
^^ ^^' i ^ of parts in action, is to save strength and save wear in 
action, the bram — stop the storm of stammenng, the explosion 
of passion, the violent cry or the hysterical convulsion. 
You can watch the effect of what you say and do to the 
child and act accordingly. Stillness and quietness of 
manner in the teacher often help to diminish visible 
action in the child; conversely, much action in the 
teacher is apt to be followed by over-action in the child. 
Tone of Words of command intended to diminish action should 
be short, and uttered in a quiet, uniform tone. In some 
schools quietness is obtained by use of a bell or a whistle; 
Mr Galton has introduced a whistle which can produce 
a graduated series of sounds. The amount of brain 
action produced by teaching may be advantageously 
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reduced by lessening the stimulation; let there be only 
one stimulus, the sight of one thing, not many things at 
a time. So as to intellectual training, diffused and 
irregular mental action may result from simultaneous 
stimulation through the eye and ear : first shew an object How to 
to the class, point out its parts, then explain the names ^^^^^/ 
of these parts, and finally their uses, t e, first im^xts^ confusion, 
the brain by sight, then by the sight and sound of the 
names of the parts, finally giving your further explana- 
tions. To commence with an explanation of the uses 
of the parts of the object may cause mental confusion, 
and the appearance of the signs of mental anxiety. 

Action adapted by circumstances is a very high class Adapted 
manifestation. The action may end in something being ^^^^• 
done or something said which produces an impression, 
so that the outcome of that action is not lost. 

The most useful actions of this kind are such as 
usually occur in well -trained people under the circum- 
stances. In a child untrained in social behaviour to see 
a friend during his walk is followed by "reinforcement ^/nV;/^/y 
of action," he looks uncomfortable, wriggles, shuffles, -f^^^^^^^w- 
puts his hand to his cap, and looks away from his friend 
— the trained boy simply lifts his cap, a less action but 
one which is the social average under the circumstances. 
Such well-adapted action comes only by training, but is 
much more easily acquired when the ancestors have been 
similarly trained. The occurrence of much spontaneous 
action, and the tendency to "reinforcement of action" 
are antithetical to the occurrence of such actions as are 
simply adapted by the circumstances. To build up such 
adapted manners you must quell spontaneous action, 
and try and avoid producing any " reinforcement." Re- 
petition will render the action more certain and exact 
under the stimulus. To acquire such modes of action 
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indicates good cultivation of brain power; it gives not 
only good manners, it is a training in useful forms of 
mental expression. 

Terms or words which correspond to or may be im- 
pressed mentally by the sight of physical objects (physical 
terms) are more suitable for use in cultivation of young 
children than those which do not correspond to impres- 
sions made by objects. One of the chief means of 
improving the mental faculty of the brain is by impressing 
it frequently and variously through the senses. In this 
the brain appears to be like a piece of iron, the better 
for the number of impressions made upon it. The more 
often a healthy brain is variously impressed by circum- 
stances, the more does it become controllable by circum- 
stances, and the more is the mental action in harmony 
with the environment. It must be remembered that the 
results of impressions may be inherited. In estimating 
your power to govern a child, note what actions are most 
easily controlled, and exactly what movements are en- 
gaged in such actions. When the inherited tendencies 
to action are not good it is the more necessary to take 
special care that bad impressions should be avoided — 
in the case of a boy with some tendency to habits of 
vulgarity avoid the impressions he may receive in a 3rd 
class railway carriage and in the stables more than in the 
case of a child of natural refinement 

{Antithetical or) opposed mental states are such as do 
not commonly co-exist, but are capable of replacing one 
another. The mental states termed kind and unkind, 
defiance and shame, joy and pain may be called antithe- 
tical, as they do not commonly co-exist, the presence of 
the one mental state for the time precludes the other. 
The antithesis of the mental states joy and pain is ex- 
pressed by the opposition of the signs which indicate 
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these conditions. The antithesis of the mental states Antithesis 
joy and pain might be anticipated by the student of the ^/*^ ^^ 
physical expression of these states, for the two modes of 
facial action cannot co-exist. This illustrates one 
reason why the student of mental science should 
observe the expression of mental states as seen in 
visible action of the parts of the body. Hands cannot 
at the same time be both motionless and full of move- 
ment ; now in the mental state called attention the Attention 
hands are still, in the fidgety child the fingers present ^^/*^' 
numerous spontaneous movements; these physical signs 
are opposed to one another, as are the mental states 
corresponding. Those motions whose physical expressions 
are antithetical are the most unlikely to occur together, 
or if they do coincide momentarily there is a conflict 
seen in the body between the two physical states, as in 
an individual who while suffering pain still tries to look 
happy, and soon one or other condition gains the 
ascendancy. This principle of antithesis is very useful 
in trying to gain knowledge as to the causation of mental 
states, and may serve to guide practice in education; you 
may know what states of mental action are antithetical 
by observing their opposite modes of expression. It is 
useless to try and reconcile mental states naturally 
opposed, but it is most useful to replace one by the 
other; a mental state may often be best removed by 
raising its antithesis, defiance may be replaced by shame, 
fear by the signs of joy. In trying to produce an oppo- Use of the 
site condition of mind to that found at the moment, the ^^^. ^ 
free or unused parts of the brain must be acted on rather thesis, 
than those which are at the moment acting strongly in 
expressing some emotion or the mental state you desire 
to replace. If the child shows signs of anger, and you 
do the same, that makes him worse. Sight of your 
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actions expressing anger stimulates the corresponding 
brain centres in the child to further action "by imita- 
tion" : show the child a pleasant quiet face, the sight of 
your open hand may act upon the parts of the brain he 
is not using, and may be followed by the removal of his 
frowns and snarls, and the relaxation of his fists. If you 
can thus stimulate in the boy those brain-centres which 
you use in your own brain, and which were unused by 
him, you will effect a good purpose and may prevent the 
recurrence of a rising storm. It is important that you 
should note the order of subsidence of a storm of move- 
ment, so as to know how to deal with it another time; 
those movements which first subside are those you 
should endeavour to control. When dealing with an 
angry child remove the signs of anger, first, then the 
brain will be more impressionable to the finer effects of 
the influence of your voice. To try and alter the mental 
state by thus altering the attitudes expressing mental 
action, is not to act upon the child in a merely mecha- 
nical way; the actual mental state usually corresponds to 
the external expression, the two kinds of action cannot 
long be diflerent from one another. To get the child to 
sleep, induce him to pretend to be asleep, the genuine 
condition may soon follow. To require respectful be- 
haviour and formahties is likewise useful; so the feeling 
of reverence does not coincide with irreverent words and 
action. 

A knowledge of opposed mental states may be useful 
in the correction of faults. 

For a child whose spontaneous movement is not 
easily controlled do not make him sit still as a punish- 
ment, that demonstrates to him the pain of subdued 
action ; try and show the pleasure of keeping still while 
some object of interest or interesting story is before 
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him; that is, substitute some mental action for his 
spontaneity. 

For the child too dull in all mental action, encourage Mental 
spontaneous action by letting him stand, move, interrupt ^^^^^^^' 
you or gesticulate during the interesting lesson or the 
story telling. As he has too little brain action do not 
lessen it at any time, and let his games be considered 
matters of importance. 

Concerning the removal of thoughts and modes of action 
and the change of a line of thought. 

In many cases where it is desirable to remove a Removing 
thought, or a mode of thought or action, it is necessary ^ *^^S^^* 
to permit and encourage spontaneous action which is ever 
ready to recur in the young, healthy, and active brain. We 
may endeavour to raise to activity a line of action pre- 
viously impressed in a permanent form — change the occu- 
pation and the external impressions. In this matter we 
see the permanent value of a well stored mind, fixed 
mental principle and belief, and for the child the value 
of the memory of a happy home and joyful holidays; this 
may perhaps be called employing the memory and the 
imagination. 

It may be taken as a rule that to remove a previous 
or existing impression in tlie brain, whether it be for 
thought or action, care must be taken to avoid strength- Value of 
ening the impression, as by punishment, and if possible ^^^ ^^^' 
by rebuke, call up spontaneous action, or produce a 
general reinforcement, as by laughter, &c. 

Quelling certain thoughts may follow new impres- Quelling 
sions produced from without. Thoughts may arise from ^^ 
impressions produced by any part of the body upon the 
brain ; these may be removed or quelled by impressions 
produced from without. When a strong attempt is made 
to quell a certain mode of mental action, in place of 
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substituting another kind of action, it is not uncommon 
to have a great augmentation of action subsequently, 
and a crowd of uncontrolled thoughts, not expressed in 
words, but indicated by facial and other modes of expres- 
sion, in the form of obstinacy, suUenness, flushing of the 
face, denching or grinding the teeth, &c. The least 
amount of stimulus from teacher that will attain a good 
end the better. A sharp word, or an angry look, may 
produce one of two results, it may stop all brain action, 
and thus render the child stupid; it may stimulate a 
great many nerve-centres in the brain to irregular action, 
a storm of action may occur, the angles of the mouth 
being depressed, the face flushed (now is the time to 
stop the storm), the eye-lids screwed together, the fore- 
head crumpled, the head bent, fingers clenched, fists put 
to the eyes &c. (cerebral reinforcement). The word of 
command is a very important form of stimulus to the 
child's brain, the least force in it that will effect the 
purpose the better; a gesture may be better than a word, 
the fewer words the better, a simple quiet word may 
produce the co-ordinated action, many words may pro- 
duce too much diffused action. Watch the effect of the 
command in each child and act accordingly. Both 
eating and sleep may help to remove mental impressions, 
but see that the sleep is sound and undisturbed. 

Spontaneous, uncontrolled or wandering thoughts (Mi- 
cropsychosis) frequently occur both in the children and 
in adults, as we know by recording their expression. 
The expression of spontaneous thoughts uncontrolled by 
circumstances is seen as soon as the child commences to 
use words. This spontaneous occurrence of thoughts 
not in harmony with circumstances is very commonly 
seen concurrently with spontaneous or irregular and un- 
controlled movements. In young children their chatter 
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is unsequential, and their movement in excess of the 
work done ; nervous children have excessive movement 
and much vague thought. In adults fatigue often leads 
to wandering, irrational thinking, and may be accompanied 
by restless movements ; this is seen in excess in delirium. 

As rough analogies : a child is fidgety (full of uncon- 
trolled movements) and is inattentive (uncontrolled 
thoughts) ; during sleep, impressionability is lessened and 
dreams are spontaneous. Nervous children are full of 
spontaneous movements, and often have many strange, 
disconnected, imaginative, precocious thoughts. In 
adult life there are wandering, unbidden, wild, ungovem- Thoughts 
ed thoughts ; a mass of thoughts, a cloud or a rush of ^^7^^' 
thoughts through the brain. In healthy people these are 
best controlled by things seen and heard. This process 
of irregular thinking is fatiguing, and may lead to ex- 
haustion, with inability to think correctly and quickly. 
Muscular exercise is then useful in such cases by changing 
the mode of brain action. We do not see any action in 
the child worthy of being called "thought," till we see in 
its movements the signs of coordinated action. 

It is most important in the practical work of Educa- 
tion to observe what methods of dealing with a pupil — Observe 
what modes of impression — most readily call forth ^^j^h^i 
mental response. The least display of force on the part methods, 
of the teacher that will effect the purpose the better; a 
gesture may do better than a word; the fewer words the 
better; a simple quiet word may produce good mental 
action, whereas many words may produce too much dif- 
fused mental action. Watch the effect of the command 
on each child, and act accordingly. The principal means 
of controlling mental action in the brain are sight, sound, 
touch — their relative value varies much in different child- 
ren. To train by use of books, black-boards and pictures 
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as well as by most means of demonstration is to culti- 
vate the brain through the eye. Verbal instruction is 
received through the ear. 

In speaking of Touch as a means of cultivating mental 
action as a lower mode than through eye and ear I have 
no wish to depreciate its value — on the contrary, cultiva- 
tion of mental action by touch may be carried to great 
perfection, as is shown by the case of children deaf and 
blind. Further, if it be a mode of culture that is practic- 
able, on that ground alone it ought not to be neglected. 
In some games, in industrial processes, and particularly 
inSloyd, we have a systematised method of mental culture; 
by the touch. In manipulative processes the brain is 
controlled by the tool, as well as by the eye which looks 
at the model. To write a sentence impresses it upon the 
memory, not only by seeing it in written words, but also 
by the movement of the pen which reacts on the brain 
that moves it. 

In concluding this lecture I propose to refer to some 
points in school management such as have suggested 
themselves to me during my observations of children 
seen in their classes and at work. Very different methods 
of arrangement of pupils in classes may be seen ; some- 
times there appears to be no attempt made by the man- 
agement to place the children upon any principle, all are 
looked upon as much the same. The few children most 
defective in development are often placed together well 
within view of the teacher, thus they are less likely to 
do harm. If left alone the nervous children usually tend 
to congregate in the back rows ; they are usually quick 
mentally, and their work may be up to time, even if they 
have been playing ; it might be better to recognise and 
scatter these children. The advantages of the interaction 
of children upon one another are so great that it seems 
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well that they should not always work in the same groups. 
In doing work from the black-board, short-sighted child- Short 
ren should be placed where they can see properly. '"^^* 
Children often differ greatly as to their receptiveness 
through eye and ear; I have been assured that some 
children may take down dictation correctly from a pass- 
age read aloud who cannot copy from a book without 
mistakes ; such facts may suggest arrangement of class 
work. The lighting of school-rooms is not always con- 
venient, some children may be seen constantly frowning 
from the effects of too strong a light. The form is some- 
times so close to the desk that the child cannot stand up 
in his place without bending the lower part of the back 
unduly (lordosis). It is usual to see children when Lordosis, 
standing in class and answering questions hold up one 
hand as a sign of readiness \ in the case of children with 
nerve-weakness this holding out of one arm produces 
lateral bending of the spine. 
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CHAPTER VIII. 

THE SCHOOL. CLASSIFICATION OF CHILDREN. SCHOOL 
REPORTS. 

A perfect THE perfect child, from the physiologist's point of 

view, must hkve a good inheritance through both parents, 
a body not only sound in all its organs and structures, 
but this must also be accompanied by mental functions 
appropriate to his age. The body must be well propor- 
tioned and of the normal height and weight, the features 
well shapen, distinctly cut and symmetrical, such as 
experience shows them to be in the best made indivi- 
duals; the colour must be good and the signs of nutrition 
evident. The healthful signs of the condition of the 
Nerve nerve-system are seen in its spontaneous action and in 
system, j|.g impressionability, and also in response to external 
stimulation such as is appropriate to the age of the child. 
The rhythm of sleep, waking, appetite for food, aptitude 
for play and work, being such as are found in the best 
average of our children at large of the same age. Fur- 
Symmetry ther, observation will show symmetry of action in those 
of action, movements which are ordinarily symmetrical, as in facial 
expression and walking, the individual movements being 
correct in time; and in quantity. 

There may of course be many types of perfect child- 
hood, and of good development of the body, just as 
there are innumerable types of good mental faculty. 
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The perfect child can then only be known as we see him The child 
in action ; and his mental faculty is demonstrated only ^^ ^^^'^»- 
by mental tests. The average of children are not per- 
fect in their organisation or their condition; those that 
approach the nearest to perfection of type still require 
education for their further development, and to fit them 
for social life. 

Education, properly conducted, commences with the Education, 
earliest days of infancy, after a year or more the child 
becomes a member of the family circle, and the home 
community. As the special individuality of the child 
developes he usually requires, and demands, enlarged 
surroundings, more companions and a choice of asso- 
ciates, thus raising the necessity that he should become 
a member of some small school community. With 
increasing years the small circle again becomes irksome. Enlarging 
because the probabilities are that the further develop- ^^^^^^^^* 
ment of the child meets with too little response among 
the limited number of associates. The boy then gladly 
passes to the larger school — and the young man to the 
University where he may meet the most varied minds, 
and mix in the society of men of high culture in special 
lines of thought and work. In entering on practical 
social life the man gradually forms his own surroundings 
till the circles of friends, acquaintances and social con- 
nections, are formed by the action of his fully developed 
character and habits. 

The Rev. A. R. Vardy, Head Master of King 
Edward's School, Birmingham, in a recent address to 
Teachers', said: — 

"Mr J. G. Fitch lays it down that every true teacher * wants Dr Fitch, 
to help his pupil to live a fuller, a richer, a more interesting and 

* See paper read before the National Union of Elementary 
Teachers at Birmingham, 1889. 
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The ^ a more useful life. He wants so to train the scholar, that no one 
?^7 "^ of his intellectual or moral resources shall be wasted. He looks 
on the complex organisation of a young child, and he seeks to 
bring all his faculties, not merely his memory and his capacity 
for obedience, but also his intelligence, his acquisitiveness, his 
imagination, his taste, his love of action, his love of truth, into 
the fullest vitality; 

*That mind and soul according well, 
May make one music' 

No meaner ideal than this ought to satisfy even the humblest 
who enters the teacher's profession.' 

Observe that in all these descriptions of the teacher's ideal our 
attention is directed to the whole nature of our scholars, not to 
the intellect only, but to the physical and moral faculties also. 
The whole child is to be cared for, trained, fitted for life. No 
thoughtful and loving parent would be content to see his children 
growing up selfish, untruthful, dishonest, however vigorous their 
bodily health might be, however disciplined and stored their minds. 
He would not be content to see them incapable of mental exertion, 
unobservant, without judgment or reflection, even though their 
health was good and their moral character blameless. Nor would 
he be content to see them feeble in body, unable to use their 
physical powers, though the other parts of their nature were duly 
developed. What our ideal is for our own children must also be 
our ideal for the children of others whose education we undertake. 
Such an ideal may not, indeed, always be consciously present with 
us. As I have said before, there is much in our daily work to 
draw us down to lower levels, and other standards are constantly 
being set up for our guidance; but even amid the dull prose of 
actual school work there must be beating in our hearts the rhythm 
of this noble strain. The ideal must have taken possession of our 
souls, it must unconsciously leaven all our thoughts and actions; 
and when in the children before us we see tendencies, actions, and 
habits that contradict and thwart the ideal, we must feel that here 
is a call for our thought and work. How different this conception 
of the teacher's duty is from some conceptions which currently 
obtain I need hardly stay to point out. Some of these current 
opinions are little better than grotesque absurdities; that, for 
instance, which regards it as the aim of education to turn out in 
as short a time as possible a clever machine for making money. 
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But leaving these, it may be worth while to note some legitimate 
deductions from the nature of our ideal; deductions warning us 
against mistakes only too commonly made. 

The importance of the physical well-being of our scholars is 
a subject which happily is now attracting much popular attention, 
and we may indulge the hope that the tide which has at last turned 
in that direction will continue to flow. " 

In this ideal of the teacher's work we have before us 
much to aim at, the difficulty is how to accomplish the 
ideal. 1 propose for your help the scientific study of 
children, especially as to their development and brain- 
power. Dr Fitch says the teacher should look upon the 
complex organisation of a child and seek to bring out all 
his faculties; to do this in a scientific manner we must 
observe children, know what to look for and how to 
describe accurately and exactly what we see, searching 
for the cause of every phenomenon noted. 

Children exert much influence upon one another, Influence 
usually for good, but it is not always so — the advantage ^{j^^^^^^^ 
of this interaction of the pupils is one reason why they another. 
should be encouraged to play in games, and seek each 
other's society out of school hours. Examples may be 
given where such influence is not for good, take an 
excitable child, whose excess of movement almost 
amounts to that seen in the condition termed Chorea. 
A second child, who has inherited the tendency to over- Excitable 
mobility of the nerve-system, is very likely to imitate the ^ ' '^^'* 
first and be influenced unfavourably by him. This 
specially applies to children of one family, who often 
tend to similar defects in action, owing to similar inhe- 
ritance ; a child who is over-mobile, one who stammers, 
or is hysterical, should not be in daily contact with its 
brothers and sisters only, but is benefited by mixing 
with other children differently constituted, whose action 
he then tends to imitate. 

W. 9 
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Slight I do not say that children with slight defects should 

iffriii? ^ot be admitted into the school, but that there should 
not be too large a proportion of them ; they should pro- 
bably not be in larger proportion than is found in 
general society. Again, it is not well in general schools 
to congregate in class, or in other associations, children 
with like defects. In a school specially intended to help, 
and improve, weakly children the classes should be 
small : in the Schools for Exceptional Children in Norway 
no class exceeds twelve in number ^ These statements 
show that advantages might be derived from carefully 
studying the temperament and the physical condition 
of each member of a school community. The higher the 
proportion of exceptional children, the greater is the 
demand upon the teaching staff. These principles ap- 
plied to Public Elementary Education indicate that the 
best schools and teaching staff are the most required in 
the worst neighbourhoods. 

Something may now be said of the interaction of 
types of children upon one another-, and the tendency to 
strengthening of the characteristics of each type. This 
Grouping interaction of children upon one another is mainly due 
of children, ^^ ^j^^ imitative faculty*. This principle of imitation 
explains why children of some defect in development, in 
whom the imitative faculty is low, do less harm to one 
another than to healthful children. On the other hand 

^ See Report of Brit. Medical Association, p. 1 7. 

' Sir Gilbert Blanc said: "The only objects of imitation are 
gestures and sounds, and by these are also transferred from one 
individual to another, the emotions of the mind of which they 
are the natural expressions." Croonian Lecture, p. 168. Gestures 
are imitated before sounds. This is one reason why teachers would 
do well to study gestures and movements, both in their pupils and 
in themselves. Imitation is one of the most important means 
of controlling action in children's brains. 
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nervous children usually have good mental faculty, and Nervous 
much tendency to be affected by imitation ; further, ^y^^^ 
action seen in the body of another person is the kind of nimtal 
stimulus which most readily produces imitation, the-^^*^*^-^* 
result being that nervous children excite one another and 
are not the best companions, although, as has previously 
been said, they tend to congregate together for com. 
panionship. The interaction of children slightly defec- Defective • 
tive may tend towards vulgarity, hence they require con- ^^'^^^ 
stant supervision. Children of delicate constitution and vulgarity. 
feeble physical health, may be of as many different tem- 
peraments as there are types of children. As to condi- 
tions of more definite kind, chorea, and hysteria, dis- 
tinctly tend to spread among children. The actions 
known as yawning, gaping, fidgetting, coughing may 
become infectious, and spread through a class; the first 
signs of such spreading should be dealt with to arrest the 
infection. 

The converse of the harmful interaction of one child Usefulness 
upon another is a brighter side of school life ; children %J^" ^' 
teach much to one another. A child will often imitate 
good action in another child, when it will not imitate our 
actions; try as we may we cannot be completely children 
among our children, but those are often the most success- 
ful in training who get the nearest to this desideratum. 

A few types of childhood may be sketched. It is not Types of 
uncommon to find some children who are called "old ^ ' ^^'' 
fashioned", you remember little Paul Dombey in his Paul 
school at Brighton; these children are called "precocious". ^^' ^^' 
In many such the weight of the child is deficient, and 
among other signs of low. brain nutrition, you may find 
spontaneous movements wanting, there is no desire for 
play and but little general activity ^ There may be a 

^ Paul Dombey would sit staring in his little arm-chair by the 

9—2 
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Spon- number of spontaneous small thoughts in these children, 
taneous ^QxsiQ of them resembling those of a more mature age — 

small .... ^ , . - - . . J . 

thoughts, this condition is a further sign of low nutrition, and is 
often accompanied by imperfect sleep, dreaming and 
V tooth-grinding. The condition is one of want of impres- 
sionability from low nutrition, and is to be met by good 
feeding, general hygiene and continuous careful training ; 
the companionship of stronger children is very useful, 
and as thoughts are implanted, and the mental power 
brought under control, the actions of the child as well as 
his methods of thought will tend to become more 
natural. 
Want of Such children as those referred to above need more 

^sionabilit ^^^ Others to be rendered impressionable by their sur- 
to sur- roundings, this is to be effected by causing many things 
roundings. ^^ impress their senses; specially try to effect this by 
imitation of other children — the actions of other children 
impress them more favourably, and easily, than action 
seen in older people who are less like them. 
A bad A common type of low development is the child with 

^yp^' a badly made head, the forehead narrow laterally and 

shallow, the skin may be dull with innumerable fine 
horizontal creases from recurrent over-action of the frontal 
muscles. Sometimes fine vertical lines appear in the 
mid-frontal region between the eyebrows from over- 
action of the corrugators. In such case, as in an ex- 
ample given in Lecture VI. p. 112, that kind of manage- 
ment which lessens over-action in the forehead for the 
moment is that which is good for the child. Improve- 
ment may occur in such cases. The child may be slow 

fire, for any length of time. Once Mrs Pinchin asked him, when 
they were alone, what he was thinking about. **You," said Paul, 
without the least reserve. The child was small, without spontaneous 
movement, and spoke as older people might do. 
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in all his actions; he may keep his hands out long after Slmv 
the other children have put theirs down, it is long after ^'^''• 
the word of command before his hands are held out, he 
often looks to see what others do before he does the 
same. This last fact shows that sight may, through 
imitation, be more effectual than a word of command in 
effecting the desired result. 

A low class mental condition is sometimes indicated A Imv 
by the tendency to repeat a question asked of the child. ^^^^^^ 
"What day of the week is it?" and the child rt^Wts action. 
"What day of the week is it?*' and does not answer the 
question : some of these children also tend when writing 
to copy or repeat their work. 

The School as a Corporate Body, The average School, The school. 
consisting of a sufficient number of pupils congregated 
for educational purposes, may be supposed to consist of 
children within a certain range of age, who represent in 
the aggregate the various types of children met with in 
the outside world, in about the relative proportions in 
which they exist in society of the same social class. This 
arrangement is probably the best for mental culture, and 
the formation of character. Deviations from this average 
community may be, and often are, brought about by arti- 
ficial circumstances— and in many cases it may be ques- 
tionable whether the artificial arrangement is better. 
Entrance examinations, prizes and scholarships, have an Prizes. 
undoubted tendency — an effect planned for by the man- 
agement — of attracting to the body corporate individuals 
of a certain kind, viz., such as already show an intellec- 
tual capacity above the average. Again, some private 
schools are situated where every healthful arrangement is Schools far 
amply provided for, and under a genial and kind hearted i,^p^f 
management, are open to weakly and delicate children, 
the numbers being small, and health considerations being 
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placed before intellectual competition as the end aimed 
at. In such cases the corporate body is artificial; each 
individual must be trained according to capacity, and 
the management, if wise, will exercise an arbitrary govern- 
ment of each child, such as is always necessary in the 
home where some of the rules laid down for one child 
are not applicable to others, in such items as work, play, 
rest, feeding, rising and going to bed. The boarding 
school is after all a limited community ; a pupil cannot 
ordinarily be expected to be better than children at large, 
and is a possible source of danger if his development is 
much worse than the average. 

Among Primary Schools there appears to be much 
difference between those that have to receive all the 
children compelled by law to attend, and voluntary schools 
which are not necessarily obliged to keep exceptional 
or troublesome children. The coexistence of Voluntary 
and Board Schools in a district, is likely to lead to the 
aggregation of the more difficult children in the school 
which is not free to select its members. Exactly what 
the average percentage of delicate, feeble brained and 
nervous children may be in the school population is not 
yet known, but where it is much higher than the average 
there is evidence that it may be desirable, in the interests 
of the school, that some at least of the exceptional chil- 
dren should be removed from the general classes, from 
examinations, and the Standards instituted under the 
Educational Code, and placed under special training 
more suitable to their requirements ^ 

The School as a corporate body may be viewed in 
another light by the parent who wishes only to do the 

* See evidence of Dr Shuttleworth and the author before the 
Royal Commission on the deaf, dumb and other children requiring 
exceptional education* 
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best for his child — wisely or unwisely he wants a perfect The 
place for his boy, where all the surroundings are good, ^^!!^/^ 
and, even if he knows in his inmost mind this his boy is school, 
not perfect, he desires the more that all the other mem- 
bers of the community may be so good as to benefit him 
by the force of Imitation. The parent when placing his 
child in a school can hardly be expected, even if he is 
asked, to say what defects or faults his child may have, 
except as to matters of physical health ; hence protection 
of the community from the importation of too many 
delicate, nervous or defective children, is a responsibility 
that must ever remain with the head of the school. To 
form a right judgment upon the suitability of a child to 
enter the school, necessitates on the part of the Principal Respomi- 
B. careful study of children from every point of view. ^p^l^Xal 
Surely the test of a written entrance examination is far 
from being any complete evidence as to the child's wor- 
thiness to become a member of the school community. 
1 do not wish to seem to urge that only perfect children 
should be admitted to the school, far from it, I think 
that various elements may wisely be added from time to 
time so as to give the special character to the community 
that may be somewhat lacking — some may be needed to 
give the element of physical strength and capacity to Igad 
in athletics, others to elevate the moral tone or raise the 
possible standard of intellectual work. A set of simple 
athletes, or a large group of strongly intellectual children, 
would not improve one another so much as the two 
classes duly blended. 

Among the many difficulties that have arisen in the 
classification of pupils it is very generally admitted that 
" the age basis *' is unreasonable. Any suitable classifi- 
cation must be based upon the intelligence, the attain- 
ments, and the physical development and brain-power of \ 
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the children. Such general statement may be accepted, 
and immediately the question arises how to judge of the 
development and brain-power; this is a scientific problem, 
and an attempt has been made by a Committee of the 
Psychological Section of the British Medical Association 
to establish a basis upon which such work may be done. 
The general methods of observation employed were ex- 
plained in my earlier lectures; some results of this 
enquiry will be given presently. 
Intellec' Teachers who deal with the intellectual faculties 

^andh^i^ mainly, generally know more of the mental than of the 
state. physical and general brain state of their pupils ; in school 

inspection we find it more easy to detect physical and 
general brain states. A child may have grave mental 
defects, and may yet present no obvious defects that the 
eye of the observer can detect. Questioning and some- 
what prolonged examination are needed to detect mental 
defects, when no obvious signs are observable. The 
physical observer may be sure of the signs he observes, 
but to see no defects does not prove that the child is 
normal. 

In these lectures I have mainly dwelt upon methods 
of making observations, and the results obtained, as a 
means of classifying pupils, there remains the question of 
managing and providing for the proper training of child- 
ren. In the ordinary methods of literary training, the 
thought or mental impression upon the brain may be 
produced without a capacity in the pupil for its expres- 
sion in words. A very intelligent master of large experi- 
ence has assured me that, when giving an explanation of 
a geometrical problem and asking questions thereon, he 
is often content if he sees a facial expression of intelli- 
gence in his pupils without capacity for giving a verbal 
answer, trusting that the power of expression will come 



Training 
capacity 
for ex- 
pression. 
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later. A boy may work out a geometrical problem by a 
diagram, but fail to give a verbal demonstration — that is 
he may give a mechanical explanation only. 

"The judgement" and the "executive faculty'' va- Judge- 
volve very different kinds of action in the brain. ^Q^^tentand 

' exprdsston. 

form a judgement is a mental process occurring among 
the brain-cells. The capacity for such action results 
from former impressions received, or inherited ; this de- 
pends probably upon very fine changes in the brain, and 
these must take place before the expression of the judge- 
ment, whether that be by words or by a manual act. 
These two factors in training — that of producing mental 
impressions, and secondly, getting an expression of 
mental action in words, or in acts — are very different 
matters. To get expression of thoughts and mental 
states is of course very desirable, even in the earliest 
stages of childhood, but at first we must be content to 
control spontaneous thoughts and the tendency to spon- 
taneous action, as in organized play, or by listening to 
and correcting the almost senseless and unintelligible 
prattle of the young child. Later we may try to produce 
mental faculty by making impressions, being satisfied 
with a gleam of intelligent expression ; while in the more 
developed brain we look for, and cultivate the correct 
expression of thought by words and action in harmony 
with the surroundings. 

There are some children whose nerve-signs are in- Training 
creased byany prolonged period of ordinary school-work — J'^^^ ^^'^" 
yet these weak children need training, even more than 
others, for they have to make their way in the world as 
well as bear their own infirmities. It seems likely that in 
wise arrangements for such children, manual training and 
sloyd as a part of their curriculum might be useful. It 
appears that sloyd is quite capable of being adapted to 
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Sloyd the individual necessities of the child, it is a means of 
'^^h'lT^^ coordinating his movements, and thereby regulating the 
action of his nerve-centres. It seems likely that three 
hours or so in the week taken from the school -room and 
spent at sloyd might help to restore the balance of brain 
action in many nervous, over-mobile, ill-balanced pupils. 
Sloyd is a means, we are told, of producing action through 
the eye upon the brain as a governor of the hands, and 
thus it gives real mental training. It has been said that 
"Manual training is training in thought-expression by 
other means than gesture and verbal language, in such a 
carefully graded course of study as shall also provide 
adequate training for the judgement and executive faculty." 
Training The phrase " training in thought-expression ** refers to the 
Txfif^nm ^^ucational methods used to stimulate or set going the 
molecular changes in the brain which correspond to 
" thought " or mental action, and the expression thereof. 
The sight of an art model may produce the necessary 
Modelling, brain impressions in the pupil ; the modelling of a lump 
of clay is one mode of partially expressing his thoughts. 
One pupil may better express the mental impression pro- 
duced upon his brain by the use of words, another by the 
pencil or by working on a lump of clay. In any case, to 
produce the mental impression is one effect of the educa- 
tional methods employed; to get an expression is a later 
achievement on the part of the teacher, and is more diffi- 
cult of attainment. Manual training appears of special 
value for the very different classes of pupils — those who 
have but little capacity for mental work on the lines of 
literary culture, and the very nervous but bright children 
who have much spontaneous thought, and are soon ex- 
hausted by ordinary lesson work. In the case of nervous, 
irritable children, quick in mental action, spontaneous 
activity of the brain-centres is shown by the large amount 
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of spontaneous movement which they exhibit ; and on Exhaus- 
the intellectual side we see activity displayed, often up to ^^rUraimd 
the point of producing exhaustion, in the amount of talk, thinking, 
in the questions asked, or worse still, in habits of intro- ^^^^^: 
spection or vague, undefined 'talking and thinking to 
himself,' and excessive imagining ^ Such children no 
doubt are best cultured in part by methods of manual 
training, and they require education in the faculty of 
receiving impressions capable of controlling them, rather 
than the implantation of more thoughts — their spontaneity 
needs to be controlled to co ordinate action, not stimu- 
lated to further activity. 

Many reasons might be given in favour of education 
and training for the young, and much might be added 
as to the necessity of special training for those who are 
about to adopt the scholastic profession as their calling 
in life. The objects of training should be not only to Training 
prepare the man to do his work well and with profit J^7^j«." 
to himself, but also to prepare the body and the brain 
for the strains that will surely be made upon them in the 
pressure of active life, rendering him apt for labour, full 
of power and resource, strong, and not easily broken 
down by temporary trials, adverse circumstances, or over- 
pressure. This principle is amply exemplified by ob- 
servations in practical life, and it would be well if it 
were clearly understood by those who, as guardians and 
teachers, have to prepare the young for their future career. 
It is not uncommon to see such cases as the following : 
a lad leaves school, where he has worked but indifferently Break- 
at his lessons; on entering the office he is obliged to^^^^^^' 
work hard at duties that are strange to him, so that in a training. 
few weeks he becomes fatigued and then exhausted by 
an amount of work which those accustomed to the office 
^ Such a child is well described in " Sara Crewe.'* 
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Trained 
teachers. 



Teachers 

and 

parents. 



Notes of 
children. 



routine are trained to bear without difficulty. Similar 
cases may be seen among teachers who have not been 
fully trained to bear the responsibilities that fall upon 
them. Such strains must come to all, to the strong and 
to the feeble, and it is a wise policy to train, during their 
educational career, those who are delicate in structure or 
balance of brain, or suffer from nerve-conditions, in order 
that in after life their strength may be adequate to bear 
the labours and strains which would break down the 
nerve-system of an untrained man. Training properly 
conducted, so as to develope all the mental faculties, 
and especially those that will be most called upon in the 
business of life, is the best means of guarding against 
failure of mental and physical power, and also is the best 
safeguard against the development of inherited weakness. 
The school confers benefits not only on children, it 
also aids parents in the right discharge of their respon- 
sible duties; the relations of teachers and parents are 
not however, in some cases, as intimate and harmonious 
as they should be between those who have a common 
love of children. The interest of the school may be to 
obtain good intellectual results among the scholars, the 
parents may be indifferent or over-anxious. The head- 
mistress may say the child is always better when attend- 
ing school regularly; the mother may say that school 
work tries the girl, and that she is always fatigued in the 
evening, or excited and irritable. The best means of 
coming to an agreement as to what is good for the child, 
is to observe the child carefully at various times. The 
mother, as having the greatest interest in the individual 
child, and more time for observing her, might be re- 
quested to make some notes as to when she sees the 
signs of fatigue and what points she actually finds pre- 
sent, also to keep a time-table of work done, the time 
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of rising, retiring to bed, meals, etc. as far as they con- 
cern home life. I suppose the parent can always obtain 
a copy of the school time-table. A good mutual under- 
standing is much more likely to follow from exact ob- 
servations, than from a mere expression of opinion on 
either side. After such enquiry and comparison, the 
mother may learn to see that late hours, indolence, and 
dawdling habits are causes of waste of time and loss of 
strength, and that more regular work is better for mind 
and body ; the necessity for providing regular and suit- 
able meals and a quiet study for home work must not be 
overlooked. 

School Reports, If the component elements of the Reports 
School, considered as a corporate unity, be a matter of ^ ^^^^^^^^ 
importance, it will concern the Management to know 
something of each of the pupils, as to their development 
of brain and body, and as to their power and brain 
faculties, both mental and otherwise. As an attempt to 
advance in this direction by scientific methods, a Com- 
mittee was appointed last year by the British Medical 
Association. 

Inspection of Schools, after the manner employed by 
this Committee, is not intended to demonstrate the 
mental action of the children, only the brain condition 
as indicated by far more general and rough tests than 
those necessary for ascertaining their intellectual standard. 
Questioning is usually necessary to demonstrate the 
purely mental action of the brain, and this has purposely 
been omitted in most cases by the Committee. 

At the request of my colleagues on this Committee 
I prepared the following method of procedure in exami- 
nation of the pupils. 
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Suggestions for making observations on Children in Schools, 

Signs to In reporting on a School it is necessary to record the 

observe, number of children seen in each class ; it may be well to 

note the ages of those reported in the Schedules. It is 

assumed that the children seen, but not reported in the 

Schedules, are normal, or average, in our opinion, and 

that of the Teacher. 

It may be well to note the occupation of the class 

under observation, and the date of the last Government 

Examination. 

The following suggestions are made as to points that 

may be observed, and the terms used in describing 

them : — 

Physiognomy, Development, Shape, Malformations 
OF Head, etc. 

Head, — Large, hydrocephalic — Small — Microcephalic 
= Circumference below 17 inches — Well-shapen — Fore- 
head, wide, overhanging, narrow — Angle oblique, vertical 
— Oxycephalic = Elevated head — Dolichocephalic = Long- 
head — Scaphocephalic = Keel-shaped forehead — Head 
lumpy, rachitic, forehead hairy, etc. ; Frontal prominences 
marked — Measurement between eyes — Fontanelle in 
young children — Circumference and transverse measure- 
ment from one ear passage to the other. 

faws, — Large, heavy ; underhung — Prognathism — 
Palate vaulted, narrow, Cleft 

Teeth, — Prominent — Enamel defective — Teeth ground 
— Notched or Pegged — Number. 

Nose, — Wide and coarse — Indented at root. 

Ears, — Well shapen, outstanding — Asymmetrical — 
Helix contracted — Lobe adherent — Hearing. 
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Lips. — Thick — Thin — Sore — Fissured. Mouth — signs to 
large,small. <'^''^'' 

Hair, — Coarse — Fine — Colour. 

Eyes, — Squint — Spectacles — Coloboma — Eyesight. 

Eyelids, — Epicanthic folds excessive — Dark ring under 
eyes. Palpebral fissures small. 

Face, — Flat — Round — Fat — ^Thin — Features well cut, 
heavy, coarse. 

Movements, Postures, etc. 

Expression of Face, 

Head, — Flexed — Extended, inclined to right, to left 
— Rotated right, left. 

Eyes, — Not readily fixed — Restless — Frequently 
moved horizontally, vertically — Temporary varying 
squin t — Nystagmus. 

Fcue, — Mobile — Choreic — Immobile — Rigid — 
Staring — Stupid — Intelligent — Expressionless — Fixed 
Expression. 

Face, — Frontal Zx)ne: Frowning, i,e,^ Horizontal 
furrows — Frequent frowning — Corrugation, />., Vertical 
furrows, slight or marked. Middle Zone : From brows to 
lower margin of orbits — Eyelids wide open — Half-closed, 
ptosis— Under eyelid full, orbicular muscle relaxed — 
Good tone — ^Winking frequent Lower Zone: Below 
orbits — Frequent grinning, one-sided grin — Snarling, 
uncovering canine tooth, right, left — Pursing lips, />., 
Contraction of orbicularis oris — Mouth open — Jaw often 
depressed. 

Spine, — Symmetrical — Shoulders equal — Lateral cur- 
vature, left shoulder down — Shrugging shoulders — Lor- 
dosis, lumbar curve excessive when hands are held out 
— Round backed. 
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Signs to Upper Extremities, — When held out — Are they level 

serve, ^-^j^ shoulders ? Both on same level ? Movements at 
shoulder — Let hands be held palm down with fingers 
separate. 

Hands, — Each hand should be observed separately. 

Finger Movements, — As seen in hands held out — 
Flexor-extensor twitches of one, or of all digits — Lateral 
movements of the digits. 

Movements, — The parts moving should be named — 
Movements may be easily controlled by sight of objects, 
or word of command, or not so — ^Twitching movements 
— Tremors — Athetoid movements; the special combi- 
nations and series not being those seen in healthy subjects 
— Automatic movements : Head = Nodding, lateral ; 
Body = Rocking to and fro ; Limbs = Various. 

Physical Health, Nutrition, etc. 

Well-nourished face and limbs — Colour good — Skin 
clear, thin, thick — Eczema — Cyanotic — Nsevus — Rickets, 
Struma, etc. — Paralysis, Chorea, etc. 

Mental Signs. 

Power of attention ; Power of imitation ; Memory — 
Quickness of response — Use of words, whether ready or 
slow — Dull in answering simple questions — Whether 
credulous and easily imposed on — Backward in spelling, 
ciphering (multiplication table ; simple sums), reading or 
writing — Age of child and length of time in school should 
be considered — Knowledge of value of current coin — 
Perception of form and colour of objects — Moral pecu- 
liarities — Docile ; irritable, passionate. 

Speech, — Stammering. 
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In this way we observed 5,344 pupils in schools in B. M, A. 
London. ft/^ 

The following table (C) is given to indicate the 
principal facts observed. In the 5,344 children, the 
percentage of cases in which notes were taken was 15*13, 
in the boys' schools 17*93; and in the girls' school 12*03. 
Several special conditions often coexisted in the same 
case. Further analysis and descriptions of combined 
conditions are given in succeeding tables. 





Table C. 








— 




Boys 


Girls 


Totals 




We took notes of 809 cases in the schools ... 


50a 


307 


809 


See Table E 


Cases showing signs of nervousness, nerve- 










weakness, or defect ... 


207 


144 


351 


F 


Cases in which nutrition appeared to be de- 










fective 


ICO 


84 


184 


G 


Cases in which mental dulness was reported 










or observed by us 


153 


78 


231 


» H 


Cases presenting cranial abnormalities ... 


166 


65 


231 


.. I 


Cases with disease or defect of eyes 


74 


75 


H9 



Among the boys a larger total of cases attracted 
attention. Cases of Nervousness and Nerve-weakness 
are here grouped along with cases of Nerve-defect, the 
distribution of the two subdivisions both as to sex and 
as to the schools in which they mostly occurred differ 
largely. The 14 schools seen in London are conve- 
niently divided into two groups, 10 Public Elementary 
Schools and a group consisting of a large Pauper Indus- 
trial School, two certified Industrial Schools, and School 
for the Deaf and Dumb — these four Schools containing 
1413 pupils form a group presenting many signs of "ex- 
ceptional children." 

A group of 351 children (boys 267, girls 144) \% Nerve 
given in the report as presenting signs of "Nervousness, ^^^^' 
Nerve- weakness or Nerve-defect." These are grouped 
W. ID 
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together as showing *some nerve-signs/ it is not intended 
to imply that all these pupils were what is commonly 
called ^nervous children,' still we saw in each of them some 
nerve-sign such as should not be present. This group 
might be divided into two classes, those whose nerve- 
signs indicate some defect in make and development of 
the brain, others — often temporary in character, — which 
signify an over-mobile state of the nerve-centres; the 
latter class of children often show marked intelligence. 
Nervousness and mental dulness are often present in an 
inverse ratio ; signs of nervousness are most common 
among girls, badly made skulls and mental dulness are 
most common among boys. In the Public Elementary 
Schools the average of children presenting nerve-signs 
was I in 20 ; as we follow the distribution of such cases 
the proportion rises to i in 10 for the highest class school, 
or I in 7*5 immediately after the Government examina- 
tion, falling in the pauper industrial school, to 50 in 1077, 
and here most of the nerve-signs appeared due to con- 
ditions of development. 

Cases in which we observed Signs of Nervousness, 
Nerve- Weakness, or Nerve-Defect are Analysed in Tcd>le 
^.— It is probable that in some of these cases the signs 
of nervousness or nerve-weakness were only temporary 
in character. 
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NERVOUSNESS : NERVE-WEAKNESS, NERVE-DEFECT. 
Table E. 











Low Nutrition 


Distribution of Nerve Conditions 


Boys 


Giris 


Totals 






















Boys 


Girls 


Totals 


In&nts 




14 


18 


32 


6 




14 


Standard I 






20 


7 


27 


10 




14 


II 






IX 


9 


20 


6 




8 


„ III 




.. 


6 


14 


20 


2 




7 


„ IV 






6 


17 


23 


2 




6 


„ V 






13 


9 


22 


a 




4 


„ VI 






II 


14 


25 


4 




8 


„ VII 






6 


i8 


24 







z 


„ ex. VII 







a 


5 


7 


— 


— 


— 


Ten public elementary schools 
Pauper school 


89 


III 


200 


32 


30 


62 


37 


13 


50 


Two industrial schools 


66 


't 


80 








School for deaf and dumb 


15 


21 








118 


33 


»5i 


Ten public elementary schools as 














above 

Fourteen London schools 


89 


III 


200 








ao7 


144 


351 




Boys 


Giris 


Totals 


As coincident conditions, we found in the 2< 


x>case. 


s in 10 








public elementary schools: 












Defective nutrition 


. 


••• 


32 


30 


62 


Mental dulness 


. 


... 


11 


ao 


43 


Cranial abnormalities 






16 


44 


In the 50 cases observed in the pauper schoc 


i: 










Defective nutrition 




... 


a 


5 


7 


Mental dulness 


. 




15 


5 


ao 


Cranial abnormalities 






la 


3 


IS 


In the 80 cases observed in the two industria 


ilschoo 


Is: 








Defective nutrition 


, „ 




10 


4 


14 


Mental dulness 


. 




18 


4 


22 


Cranial abnormalities 


. 


... 


13 


4 


17 


In the ai cases observed in the school for d 


eaf anc 


dumb 








children: 












Defective nutrition 


t •• 




a 


3 


5 


Mental duhiess 


• •• 


... 


4 


I 




Cranial abnormalities 






6 


a 


^ 



10 — 2 
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Nerve The percentage of these cases was : 

^•^^•f- Boys Girls 

Ten Public Elementary Schools 5*08 4*57 5-58 
Four Special Schools io-68 13-88 5*86 

The principal nerve- signs are analysed as to fre- 
quency of occurrence and as to their combinations in 
Table K. 

Signs of Nervousness appear to be 'Nervous hand 
posture/ Finger Twitchings and Relaxed orbicularis 
oculi, Lordosis. 
Defects. Signs of Defect are Frontals over-acting, Weak hand, 

Lordosis. These conditions are very differently distri- 
buted in the ten public elementary schools and in the 
four special schools as shewn in Table K. 

The table given above presents the children in whom 
we noted some nerve-signs ; it is not suggested that all 
these cases were in any way exceptional, or that they 
should be separated for educational purposes. An account 
of thirty-one children who were thought to require 
special educational care is given at page 8 of the Report. 

Note. In Tables E, F, G, H cases are analysed 
where the coincidence of conditions is frequently met 
with ; cases may present defects in development and at 
the same time show mental dulness and low nutrition, 
etc It will be seen then that no balance of these figures 
can be taken. 
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The proportion of nerve-cases in each standard re- Nerve- 
cases in 
standards. 



spectively was as follows • '^'^^^ *^ 



Infants i in 47 

I Standard 1 in 18 

II Standard 1 in 22 

III Standard i in 21 

IV Standard i in 15 
V Standard i in 13 

VI Standard i in 8 

VII Standard i in 5 

Ex. VII Standard i in 6 

When stating that we saw some nerve-sign in a child, 
we do not mean to assert that such child was to be 
considered as exceptional from the educational point of 
view. 

The increase in the proportion of cases presenting 
'nerve-signs' as we ascend the standards is very marked. 

Mental dulness was noted in the report of the teachers Mental 
or when we detected proof of such condition in reply to "^*^^^' 
questions, but our main observations were confined to 
visible facts observed. Observation of physical facts 
may indicate conditions of development and nutrition 
of the brain, but questions put to the child are usually 
necessary as indications of intellectual power. 

The distribution of mental dulness in the schools 
visited is given in the Report of the Committee; the 
following table shows the distribution in standards for 
the 10 Public Elementary Schools, and certain coexisting 
conditions which may have something to do with causa- 
tion. 

Mental Dulness was observed or reported to us in 231 
cases. — It is probable that many more children were 
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Menial 
dulness. 



mentally dull ; of those noted, some attracted attention 
in other ways, and some were presented to us by the 
teachers. The method of examining children by facts 
observed without questions asked may indicate the con- 
dition of development and state of brain, but it is 
necessary to question the pupil in order to demonstrate 
mental aptitude or its absence. 



Table G. — Cases of Mental Dulness. 





Boys 


Giris 


Totals 


Infants 


26 


17 


43 


Standard I 


13 


5 


17 


IJ 


6 


8 


14 


Ill 


II 


2 


13 


IV 


6 


4 


10 


V 


14 


I 


15 


VI 


I 


3 


4 


„ VII 


3 


2 


5 


„ Ex. VII 

In the 10 public elementary schools 

Pauper school ^ 









79 


42 


X2I 


38 


15 


S3 


Two industrial schools 


32 


19 


51 


School for deaf and dumb 


4 


2 


6 


74 


36 


no 


For the 10 public elementary schools (as above) 

for the 14 London schools 


79 


42 


121 


153 


78 


231 


As coincident conditions, we found in the 121 cases in 
10 public elementary. schools: 














Signs of nervousness, nerve-weakness, or defect ... 


23 


17 


40 


Defective nutrition 


29 


17 


46 


Cranial abnormalities 


21 


6 


27 


In the 53 cases observed in the pauper school: 








Signs of nervousness, nerve- weakness, or defect ... 


15 


5 


20 


Defective nutrition 


2 


2 


4 


Cranial abnormalities 


17 


5 


82 


In the ^i cases observed in the 2 industrial schools : 

Signs of nervousness, nerve-weakness, or defect ... 








18 


4 


23 


Defective nutrition 


7 


9 


16 


Cranial abnormalities 


10 


7 


17 


In the 6 cases observed in the school for deaf and dumb 








children: 








Signs of nervousness, nerve- weakness, or defect ... 


4 


X 


5 


Defective nutrition 


I 


I 


3 


Cranial abnormalities 


4 


I 


5 
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The percentage of these cases was : — 

Ten Public Elementary Schools 3*08 
Four Special Schools 778 


Boys 
4-06 

87 


Mental 
Girls dulness, 

2'II 

639 


In Table N. further information is 


given 


as to the 


correlation of defects in development or growth and in 
mental power. 

The proportion of dull children in each standard was DUtribu- 

Infants i in 35 


I Standard i in 28 






II Standard i in 32 






III Standard i in 33 






IV Standard i in 40 






V Standard i in 19 






VI Standard i in 49 






VII Standard i in 23 






Ex. VII Standard none in 47 


r 





Speaking generally the points which would stamp a 
collection of children as low class would be not only 
low class nerve-signs, but also visible conditions of defect 
in development of parts of the body. 

In Table M. in the Report of Schools an analysis is 
given of notes of 399 pupils from among 5344* 
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Table M. — Conditions of Defective Development in Rela- 
tion to Low Nutrition^ Mental Dulness, and Nerve 
Defects, 







Low 
Nutri- 
tion 


Mental 


Nerve 






Dulness 


Defects 






B. 


G. 


B. 


G. 


B. G. 




Total of cases presentin£[ some defects of develop- 
ment, including cranial abnormalities, palate, 
ears, epicanthus, and other defects (not including 


























squint), boys, 274 ; girls, 125 ; total, 399 


62 


40 


86 


39 


lOI 44 




Cranial defects alone, not m combination ... 


22 


12 


33 


II 


31 12 




Palate defective alone 


6 


3 


5 


12 


9 3 




Ears defective alone 


5 


4 


8 


3 


II 4 




Epicanthic folds alone* 

The 73 cases with defects other than those men- 


I 


5 


3 


I 


I 2 
















tioned presented 


10 


4 


18 


4 


23 4 




Cases of Binary Defects. 
















12 


4 


12 


4 


20 7 




» » M ears ... 


6 





II 





12 




„ ,, „ epicanthic folds 




- 


I 





3 2 




„ „ „ other defects than those 














mentioned 


5 


3 


6 


2 


6 2 




„ palate and ears 


2 





7 





6 




„ „ „ epicanthic folds 


I 





2 


2 


4 2 




„ „ „ other defects ... . 

„ ears and epicanthus 





I 


4 


2 


5 2 




I 


I 


3 


2 


3 




„ „ other defects 


2 





5 





I 




. B. G. 














Cases of Triple defects. 24 7 


II 


6 


14 


2 


II 6 




The palate was examined in 459 cases : 














It was found normal in 265 77 










— 




„ „ abnormal in 77 40 










— 




Defects of palate: 
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Defects of ears: 
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In the 10 Public Elementary Schools defects of the 
skull were found in 37o of the pupils, but in the excep- 
tional schools in SVq; in public elementary schools badly 
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shapen palates were seen in i '370 of the pupils, and in 
the exceptional schools in 377o» 

The number of cases of each binary group of defects 
may be ascertained from Table N. in the Report 

These cases were not equally distributed in the two 
groups of schools. Reports concerning such facts as those 
already quoted seem to be of much importance to 
teachers and to those responsible for the management of 
large bodies of children. 

Various children as I have seen them in schools are 
described shortly, the numbers refer to the original 
reports which I took in examining the 5,000 children in 
London Schools for the Committee. 

67. A girl, aged 13, in Standard TV. Of good physiognomy Children 
and good nutrition. Hands balanced markedly in the nervous seen in 
posture with arching of the spine forward when the hands are ^^"^^^^' 
held out. This child was seen in a high class school where she 
had only just been admitted. There appears to be nothing really 
the matter, but the child wanted training. 

77. A girl, aged 12, Standard. IV. Physiognomy normal, 
nutrition fair, but the face rather pale. Hands, in the right side 
over extended at the knuckles as to the ring and little fingers ; on 
left side hand straight, with thumb drooped. Head left rotated and 
inclined. Face too motionless, and lower eyelids rather puflfy. She 
had only just been admitted into the school and appeared rather 
too mobile and nervous, and in need of systematic training. 

81. A girl, aged 10, Standard III. Of good physiognomy and 
good nutrition. Hands, both balance in the "feeble type"; we 
also observe arching of the spine forward when the hands are held 
out. She was reported by the teacher as "Fidgety and naughty," 
and appeared to be in want of drill and training, 

174. A girl, aged 7. Infants. Head looks too large. Palate An ex- 
narrow and high. Hands both held in feeble type ; fulness under c^pttoncU 
the eyes; expression is blank, without proper changefulness. Nu--^ ^ ' 
trition fair. Reported by teacher to have no mental power; is 
very silly ; attendance is irregular. The mother has been summoned 
for the non-attendance of this child. The girl appears to be 
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Deficient 

mental 

power. 



Deaf, 
Expression 



Deaf, 
Nerve- 
weakness, 



Defective 
make, miS' 
ckievous. 



fatigued and of low mental power. It appeared to be not im- 
probable that this child was made to work at home. 

1 86. A big boy for Standard I. aged 12. His movements 
and postures, and his condition of general nutrition were normal, 
but bosses were seen in the frontal regions of his skull. The boy 
has never learnt to read and is obviously deficient in mental power. 

64. A small girl with peculiar physiognomy, 10 years old. 
Hands held in *the nervous-posture.' No arching forward of the 
lower parts of spine, when hands were held out, so that it appeared 
that the mechanism of the finer movements was more affected 
than that for the larger actions. 

80. A girl, of 7 years, big for her age. Ears outstanding. 
Hands held both in the 'nervous posture,* with twitching of the 
fingers; the spine bent forward in lower part when hands were 
held out. Facial expression bright and changeful. Nutrition good. 
This child appears to be bright mentally, but rather weak and 
nervous. Is big for her age and appears to be placed too high 
in school. 

346. A boy, 6 years old. The head appeared normal and of 
good size and proportions; the ears were not quite symmetrical. 
Expression of face was good. The hands and the body were 
well balanced ; the tone of the facial muscles was natural. Nu- 
trition was good. Teacher said that he was a bright, lively boy, 
better than avers^e. There does not appear to have been any 
defect from birth ; he became deaf through a fall when one year 
old. His brain was probably a good one. 

349. A boy, aged 10. Forehead shallow but not narrow; 
palate normal. Ears neither well shapen nor quite sjrmmetrical. 
Epicanthic folds to the eyes. Expression generally good, but the 
frontal muscles overact, producing horizontal creases in the fore- 
head. When the hands were held out there was finger twitching, 
and on the right side extension backwards at the knuckle joints, 
as in the nervous hand ; the spine was badly balanced. He was 
said to be mentally dull, and a fretfiil child. He was bom deaf. 
There are three cases of deafness in this family. 

146. A girl, age 12, Standard VI. Bridge of nose wide, and 
face fiat, with thick lips. Ears normal; skin natural. Both hands 
held out somewhat after the nervous type. Eyelids not full. Nu- 
trition good. The physiognomy was of low type, and in addition 
there were slight indications of nerve-irritability. The teacher 
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reported the child as "untrustworthy, mischievous, and irr^ular 
in attendance.'' 

279. A boy, aged 12, Standard VI. Head large, long, broad Head bad 
and flat with frontal bosses. Features fairly well made, ears good. -f^A; 
He was pigeon-breasted as the result of rickets, and rather pale »^ 
and thin. His hands balanced slightly in the "nervous posture." 
The master reported him as " passionate, most troublesome, and 
up to tricks." 

304. A boy, small for his age, which was eight years, with A nervous 
well-made features, and good colour, but thin. He was in Standard ^^• 
I. His expression was lively and sharp; the eyes moved well. 
The hands were balanced in the "Nervous posture," especially 
the left. There was no undue arching of the back, and no re- 
laxation about the lower eyelids. His teacher reported him as 
"very good but very nervous, with some difficulty in commencing 
to speak." 

302. A boy, aged 9, Standard I. Head rather large, with 
frontal bosses and a shallow forehead; palate narrow. His ex- 
pression was bright; the left hand presented the "nervous type" 
of balance. The general signs of nutrition appeared average. 
Teacher said he was very fidgety and not very sharp; very good 
at arithmetic, but very bad at reading. 

785. A girl six and a half years old. She was big for her Defective 
age. The physiognomy was average, including palate and ears. ^*^ , 
She had a silly expression, and turned away her head while being ^^ ^ ^' 
spoken to, and would rest her head on the table. General physical 
health and nutrition appeared fairly good. Teacher reported her 
as having some fits, though not severe ones, while in school she 
is troublesome and dirty. She comes of a bad family. 

821. A boy, 10 years old. Physiognomy and development 
appeared normal, and nothing abnormal was observed in the 
movements or balance of the body. He was in Standard IV. 
Teacher says he has fits in school, lasting some seconds, in which 
he falls down and kicks. Has had 160 fits in one day. 

Such a boy needs the benefits of a good training to prevent 
mental degradation. 

828. A boy, 14 years old, in Standard VI. No defect in Paralysed, 
physiognomy. The movements and balance of the left hand are 
good, and he writes with his left hand. The right has been para- 
lysed from birth ; he has fits. Teacher says he shows only ordinary 
intelligence, and has no fits in school. 
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A few illustrative cases taken from my Reports on Schools will 
show the kind of benefit that may be derived from some accurate 
knowledge of the development and condition of brain function of 
individual pupils. 
Bom deaf, 362. A boy bom deaf, age 8 years. He showed too little 
changeful expression. Physiognomy fairly good, but forehead rather 
narrow, and the hair comes down too low towards eyebrows. 
Teeth ground; both hands were held out in the nervous posture; 
he also presented lordosis of the spine. Nutrition was good. He 
was fairly intelligent but precocious, with some tendency to vul- 
garity of behaviour. 

288. A boy, aged 11, Standard III. The physiognomy and 
the separate features, as well as the movements and postures of 
the body and the signs of nutrition, etc. presented no noteworthy 
signs. This boy was reported as "constantly steals in school, 
seems unable to avoid doing so. He frequently plays truant, but 
is bright at school work. " Such a boy ought to be placed under 
conditions where he cannot steal. 

298. A boy, aged 8, Standard I. Head very large, with 
good features, and ears not defective. He was pigeon-breasted, 
and it appeared probable that his large head was due to rickets. 
Hands, left hand held in "nervous type posture" with twitching 
movements of elbow and shoulder muscles; on the right side these 
points were less marked. The signs of general nutrition and the 
colour of the face were good. He was said to be a sharp quick 
lad. We thought he had suffered from rickets and was in con- 
sequence rather weak and nervous. 
Defective. 9^. A girl, aged 7, Standard I. Physiognomy peculiar, eye- 

lids misshapen with moderate epicanthic folds. Other features 
good. Palate rather flat. Balance of body good. Nutrition good, 
but rather pale. The child appeared to be wanting in proper 
mental power. Teacher reported "cannot do any mental work, 
cannot read, just knows the letters." 

571. A boy, aged 11 years. Fairly well made, with slight 
varying squint. Face expressionless and flabby. Palate rather 
narrow. He does nothing well in school and shows moral in- 
difference; he played as if nothing had happened just after his 
brother died suddenly of brain disease. Very dull at school work. 

A group of selected cases is next given in the form 
of schedule used in taking notes in schools. 



Rickets, 
Nervous 
child. 
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CATALOGUE. 

In training students to observe and think about living 
things a collection of specimens has been found useful, and 
the catalogue of such a museum is now given. It is hoped 
that this, while illustrating the principles put forward in 
preceding chapters, may indicate to School Teachers new 
methods of training their powers of observation and making 
logical inductions therefrom, as well as suggest methods 
of conducting object lessons and science classes, so as to 
give more mental training than is sometimes conveyed by 
science instruction. 

Specimens are here arranged and classified for the Physiology 
purpose of illustrating the principles and methods of action illustrated, 
seen in nature. Illustrations will be afforded of the propo- 
sition that "all vital phenomena must occur in a living 
thing, and all vital action necessitates not only supplies 
of food-material, but also stimulation by forces from with- 
out." All organic specimens are the results of growth. 
Specimens will be presented showing how physical forces 
may determine and control growth ; some evidence may be 
afforded that physical forces may probably determine the 
evolution of an individual and of a species. Specimens are 
drawn from widely different classes of objects, among the 
lowest are inorganic objects, while amongst the highest 
results of organization is the human brain, which can only 
be studied efficiently in the results or outcome of its action. 
It may be shown that the methods of action in growth are 
similar to certain observed methods of brain action. There Growth 
is an essential difference between studying nerve-muscular ^*^ Move- 
movements, and the outcomes of acts of growth, for in such 
specimens we see readily the action in the subject, its results 
may be less obvious, in observing movements we see the 
outcome of action in the nerve-centre, not that action itself. 
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In the first part of the Catalogue each specimen is 
usually described as a single object; action is usually de- 
scribed as seen in an individual, thus the examples are 
here presented as simpler than the illustrations used in 
Part II. which are usually presented as series of acts of 
growth seen in two or more subjects or parts of the thing 
described. 

Specimens may first be demonstrated where we can 
easily observe the visible outcomes of growth— see ger- 
minated seeds, buds, leaves, plants, and flowers. 

PART I. 

Germinated seeds indicating processes and modes of growth, 

1. Pea seeds dissected, showing the embryo and its 
testa or covering. The embryo has two large cotyledons, 
the germ lies between them and consists of the plumule and 
radicle. 

2. Wheat seeds dissected, showing testa, perisperm, 
and embryo with one cotyledon. The perisperm is a store 
of material. 

3. Models of seeds on an enlarged scale. 

4. A series of germinated peas corresponding to ten 
days of growth. They grew under favourable circumstances 
of light and food supply. 

Remarks, If a pea seed be placed on damp moss and 
kept in the dark at a sufficient temperature, the access of air 
being free, it soon begins to sprout. The seed swells, and 
growth occurring in the embryo is followed by protrusion of 
the radicle, later the covering of the seed splits and the em- 
bryo stem rises into the air bearing a delicate tuft of leaves. 

The ascending axis of the seedling as it grows is seen to 
be bent a little below the apex, and the arched neck of the 
stem with the tender tuft of leaves pointing downwards, is 
pushed upwards by its elongation. This arched condition, 
this result of growth, is due to unequal elongation of the two 
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sides of the stem, that which grows the quickest becoming Movement 
convex as a mechanical result. One word describes the ''^ , . 
arching of the stem — when we seek the cause thereof we ' 

must observe separately the two halves of the stem and • 
we find that action is unequal in the parts and the arching 
is a mechanical result thereof. 

5. Tradngs of movements of circumnutation. C. 
Darwin. 

The movements of the apex of a growing stem were care- 
fully traced by Charles Darwin ; the apex moved in a more 
or less elliptical curve with many zigzags. This movement 
results from the unequal state of congestion of the vegetable 
cells, the side of the stem on which for the time the tur- 
gescence is greater being for the time the convex side; 
this turgescence may be followed by permanent growth. 
C. Darwin in his researches has shown that apparently every 
growing part of every plant is continually moving (circumnu- 
tating), though often on a small scale. " Even the stems of 
seedlings before they have broken through the ground, as well 
as their buried radicles, circumnutate, as far as the pressure 
of the surrounding earth permits. In this universally present 
movement we have the basis or groundwork for the acquire- 
ment, according to the requirements of the plant, of the most 
diversified movements." Thus the movements of the stems 
of twining plants, and the tendrils of climbers, result from a 
mere increase of the amplitude of the ordinary movements 
of circumnutation. The movements of the so-called sleep of 
plants ; the movements of various organs towards the light 
are all modified forms of circumnutation. There is always 
movement in progress, its amplitude and direction may be 
modified by external stimuli. In the growth of plants, es- 
pecially while they are young, it is the rule for first one side, 
and then another of the organs to grow more rapidly than 
the rest, curvatures being thus caused, the convexity of 
which always indicates the side that is at the time growing 
most rapidly. If another side then grows more rapidly, it 
becomes convex, and the curvature changes its direction. 
These curvatures are caused by the unequal growth of 
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Bendings different sides of an organ, and have been called by Sachs 
of growing ** Nutations." These nutations occur most evidently when 
plants, growth is very rapid. Very common is it to find the apex of 
• erect stems above the curved growing part to move round in 
a circle or ellipse, the region of most active gro^'th moving 
gradually ; this Sachs terms " Revolving nutation." As re- 
gards the stem of a plant which happens to be bent towards 
the north, it will gradually bend more and more towards 
the east till it faces the east, then towards the south. 

It has been shown by Sachs and by C. Darwin, that all 
parts of the plant move constantly, both the root and the 
apex of the stem constantly bend in more or less circular 
tracts. This spontaneous movement is called circunmu- 
tation. 

In the germinating seed, the radicle or root of the em- 
bryo plant first protrudes from the seed coats, and at once 
begins to circumnutate, or move its apex in the form of 
irregular ellipses ; this movement continues probably as long 
as growth continues. C. Darwin speaking of circum nutation 
says: "Until recently the cause of all such bending move- 
ments was believed to be due to the increased growth of the 
side which becomes convex ; that this side does temporarily 
grow more quickly than the concave side has been well 
established; but De Vries has lately shown that such in- 
creased growth follows a previously increased state of tur- 
gescence on the convex side." 

The cause, then, of the movements called circumnutation 
is the unequal growth of the different portions of the radicle, 
the side upon which growth is greatest in quantity becomes 
convex. When growth becomes more on one side the 
position of the convexity changes, and the apex of the root 
is moved accordingly. 

When in place of looking at the results of the movement 
of the apex of the radicle of the pea plant as traced upon 
paper, we come to look at the minute changes in the mecha- 
nism which produce the movement, we find it necessary to 
subdivide the thing observed, the radicle, into the parts 
which can swell or grow as individuals, i.e. the cells of which 
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it is composed, and we look at action in separate groups of 
cells arranged around the circumference of the stem. 

We see that the separate portions of the seedling plant 
may act and grow independently of one another, and that 
such mode of growth may result in movement. 

6. Bean genninated. The ascending axis is extended Seeds. 
by growth, and its arched form is due to unequal growth at 

the two sides. As a result of this mode of growth the 
plumule is dragged out from between the cotyledons, base 
foremost, and also it is protected from injury — these are two 
important results of this mode of growth. Growth results 
in movement. 

Note. — It cannot be said that the plumule extricates and 
places itself where it can meet the light, but this results from 
the action of growth stimulated by moisture and heat. 

7. Beans in various stages of germination and 
growth. As an outcome of growth the plumule is well 
advanced towards the light and air which are essential to 
assimilation and nutrition. 

8. Sycamore seedling. The ground line is indicated, 
and it is seen that the cotyledons are exposed to the air and 
light, and when chlorophyll is produced in them they assi- 
milate. 

9. Sycamore. An older plant with foliage leaves. 
Observe the difference in form of the cotyledons and the 
later foliage members. The cotyledons here become organs 
of assimilation, not mere stores of material ; in the sycamore 
seed they are much smaller than in the case of the bean. 

10. Mnstard seeds germinated. Cotyledons produce 
chlorophyll. 

11. Germinated seeds of various kinds, showing coty- 
ledons of various shapes adapted for assimilation or storage, 
also showing their sensitiveness to the action of light, and 
their duration in the life history of the plant. 

12. Seedling peas. A. Grown with a favourable Light and 
amount of light. B. Grown at the back of a room, with <^^^^^^5^' 
deficient illumination. Note the proportions of the eaves 

and the stem in the two cases. 
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Remarks, It is seen that some seeds have cotyledons 
whose modes of growth render them stores of food-material, 
while others assimilate. 

13. Buds. Specimens illustrating modes of growth and 
the separate growth of the parts of living objects. 

14. Horse chestnut buds, in various stages of develop- 
ment. The specimens show bud scales, which are probably 
modifications of the basal portion of the stalks of the outer 
leaves. Observe their low organisation, their relative growth 
to one another and to the leaves, their curvatures in early 
and later specimens, and their temporary duration. These 
bud scales protect the embryonic leaves. See Asa Gray, 
Structural Botany y p. 41. 

15. Bose. Foliage bud. 

16. Bose. Flower bud. 

17. Chestnut, expanding terminal bud, producing flower 
and foliage. 

18. Najsturtium buds in various stages of growth, 
showing the varying ratios of growth of calyx and corolla. 

19. Lilac buds. Every gradation may be traced between 
bud-scales and foliage. The bud scale may be regarded 
here as the modified blade of the leaf. (Gray, p. 41.) 

20. Buckeye {Asculus parvijlora, fig. 233). The scales 
are the modified base of leaf stalks. (Gray, p. 41). 

21. Alder buckthorn, a naked bud, destitute of scales. 
(Bentley, 97.) 

The buds of the«horse chestnut show us some results of 
ratios in development of parts, or proportional growth. 
During the winter months the inner parts of the bud are 
enclosed by bud scales, or modified leaf stalks. As these 
scales grow the cells on the outer surface increase more 
quickly than those on the inner side, and as a mechanical 
result these scales become more concave towards the centre 
of the bud and envelope it, thus affording protection from 
the weather and attacks by insects. The young imperfect 
leaves are closely packed within, and these also grow quickly 
on their outer side causing them to press towards the 
centre of the bud. When spring time comes with increased 
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temperature and consequent increased nutrition, changes Effect of 

occur in the ratios of growth, the inner surface of both bud ^^^^ 

, , ratios of 

scales and young leaves grow at a greater rate than the outer growth. 

surface and thus the curvatures are altered, the inner sur- 
faces become convex and the bud opens. Growth in the 
scales now almost ceases, while the quantity of growth in 
the axis of the bud and the leaves is augmented as they 
become exposed to the action of light, heat, and the atmo- 
sphere. 

In describing the results of development in a living being, 
it is often convenient to do so in terms implying quantity of 
growth. 

The mode of development of buds will serve as a good 
illustration of both ratios of growth and the times of growth 
in all parts concerned. 

The rudiment of a leaf commences as a mass of cells 
growing outward from the stem ; the rudimentary leaves are 
developed as plates of cellular tissue, such plates of tissue 
are formed quickly one below another, they envelope the 
shoot, and growing more quickly than it, they envelope it, 
and form a bud. This bud-formation depends upon the 
more rapid growth of the outer or under surface of the leaves 
in their young state, by which they become concave on the 
inner (afterwards the upper) side, and pressed upwards to the 
stem. When perfectly developed, by the latest extension of 
their tissue, the leaves turn outwards in the order of their 
age, and thus escape from their position in the bud. 



Specimens of leaves illustrating form described in terms 
of ratios. 

22. Willow, lanceolate, median axis and transverse 
at right angles. Ratio J. 

23. Leaf, oval, median axis transverse at right angles. 
Ratio 5. 

24. Leaf, ovate, median axis and transverse at right 
angles, crossing at § from apex. Ratio of axes J. 
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25. Leaf, obvate, median and transverse axes at right 
angles. Ratio \ crossing at \ from base. 

A foliage leaf consists of parts, some of which may be 
absent. 

The proportion of growth in the different parts of leaves 
varies greatly. 

26. Bose leaf, showing lamina divided into parts called 
pinnae, petiole or stalk, and a pair of stipules at the base 
of the stalk. 

27. Lilac leaf, showing lamina and petiole. 

28. Leaf or blade of grass. The stalk portion forms 
a sheath or vagina, and where it joins the lamina a mem- 
branous appendage called the ligule stands out 

29. Butcher's broom, showing expanded stalks. It may 
be noted that the venation is parallel. 

30. A pitcher. A highly complicated development of 
the petiole. 

31. Lathyrus leaf, showing a winged petiole, with two 
stipules, and terminated by a tendril. (Bentley's Botany^ 
p. 172.) 

32. Bulb of lily showing fleshy scales, or modified 
leaves. 

33. Dionaea muscipula leaf. 

34. Snow-ball plant; leaves at lower part of stem are 
entire, the younger ones higher up are indented on the 
margin. 

35. Gonvolvulus, upper portion of stem with foliage. 
The young leaves are long and narrow, the older ones 
are broader. 

36. Nasturtium leaves, old and young. They have 
similar form but vary in size. 

37. Lime leaf. The form is asymmetrical, as there 
are unequal quantities of growth on either side of the 
midrib, causing it to be bent, and there is more cellular 
tissue on one side than on the other. 

Leaves are members of the plant called "phyllomes;" 
their various parts may be variously modified in form or 
proportions of growth, and in texture or proportions of tissue. 
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Fig. 1 Round. 2 Circular. 8 Egg-shaped. 4 Oval. 6 Oblong. 6 Spear-shaped. 
7 Strap-shaped. 8 Awl-shaped. 9 Kidney-shaped. 10 Heart-shaped. 

11 Crescent-shaped. 12 Triangular. 13 Arrow-shaped. 14 Heart-arrow-shaped. 

15 Halberd-shaped. 16 Notched at the end. 17 Three-lobed. 18 Bitten. 19 Gashed. 
20 Five-cornered. 21 Gnawed. 22 Hand-shaped. 23 Winged Clefts. 24 Tagged. 
26 Indented. 26 Indented and toothed. 27 Barbed. . 28 Divided. 

29 Serpentine fat the edge). 30 Toothed.. 31 Serrated. 82 Doubly serrated. 

83 Doubly scolloped. 84 Sharply scolloped. 36 Bluntly scolloped. 36 Sharply 

notched at the end. 37 Plaited. 88 Scolloped. 89 Blunt. 40 Acute. 41 Tapenng 
to a point. 42 Blunt, but ending in a point. 43 Fringed. 44 Veined. 46 Triangularly 
spear-shaped. 46 Fibrous. 47 Growing by threes upon leaf-stalks. 48 Finger-like. 
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Form of Remarks on form of Leaves, Simple leaves, and the 

leaves as pinnae and pinnules of compound leaves, may be described 

^l^^'^owth ^^ ^^^^^^ °^ ^^^ methods used above. To say the leaf is 

"oval" is to employ a general term; to describe the ratios 

of the axes is to describe facts seen. 

Note, Naming a leaf "oval" is simpler than to describe 
the proportions of its growth ; this method implies fewer acts 
of thought. If sight of a leaf produces expression by the 
word "oval" that is one act of thought; to compare the axes 
is more than one act of thought, — looking at each axis pro- 
duces two acts of thought. To apply rules of analysis does 
teach thinking. The general terms, or labels for form, are 
very useful. Following these lines of giving description 
we might analyse many descriptions from books. 

Duration of leaf determined by its defoliation through 
intrinsic changes, 

38. Leaf; stalk, and a portion of the stem. An articu- 
lation is seen at the junction with the stem, which begins 
to form early in the season and is completed at its close. 
There is a kind of disintegration of a transverse layer of 
cells, which cuts off the petiole in a regular line, and leaves 
a clean scar. 
Uniform 39. Nasturtium plant. Leaves and flowers with buds 
^^!fLif ^^ various stages of growth. Observe uniform ratios of 
growth in leaves preserving similarity of form. In flower- 
bud the ratios of growth of successive wholes alter as de- 
velopment proceeds; at first the sepals enclose the corolla, 
later action is greater in corolla. 

40. Iris flower. The envelope of the flower consists 
of six parts which in texture and general appearance re- 
semble petals, three of these hang down, and three stand 
up, forming a sort of canopy over the central parts of the 
flower. The stamens are three in number; each has a 
filament or stalk, and a large anther which opens vertically 
to shed its pollen on the side facing outwards. Just behind 
each of the three stamens is a style expanded laterally and 



growth. 
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looking much like a petal ; the stigma is a shelf-like plate 
passing horizontally across the style just above the anther. 
No pollen can pass from a stamen to the adjacent stigma. 

The adaptation of parts is admirable for conveyance of 
pollen by a bee, which, standing upon the only landing 
place, i.e. the recurved portion of the envelope, thrusts its 
head down below the anther, and on raising it carries off 
pollen, to be afterwards lodged upon the stigma of the 
flower which it may visit. 

This flower presents no movements of its parts, hence No in- 
though it is wonderfully adapted for insuring cross-fertili- ^^^{w^^ce 
zation by the movements of bees, it is not said itself to show ^loJ^^gnt. 
any intelligence. 

41. Two Iris flowers and a bee. We here observe the 
three objects which it is necessary to see in order that we 

may fully understand the life history of the flower. We Enlarging 
enlarge our field of observation. fi^^^ ofo^' 

42. Lamimn flower. The corolla is tubular with 2,'^^^^^^"" 
platform in front and a canopy overhanging the entrance 

to the tube. The stamens are four in number, the inner 
pair being the shorter. 

43. Salvia flower. The corolla resembles that of 
Lamium in general form. The stamens are only two in 
number, or rather two are minute and rudimentary ; in the 
other pair, the two anther cells instead of being, as usual, 
close together, are separated by a long connective; more- 
over, the lower anther cells contain very little pollen. 
Anthers are ripe before stigma. (See Lubbock.) 

Salvia flower shows fertilization with less pollen pro- More 
duction than in Lamium. Adaptations for action of separate adapfajwn, 
parts are provided and there is less pollen production. This ^ ^^^ 
flower also shows a sequence of time of growth, i.e. pro- 
tandary. This teaches that capacity of parts to act sepa- 
rately may be a means of lessening labour. 

44. Ohestnut— inflorescence. It is an indefinite form 
of inflorescence, the buds opening from the lower part of 
the axis first, the upper ones being the youngest. The 
opening of the buds shows a series of acts of growth. Ob- 

W. 12 
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Series of 
growth. 



Attributes 
ofgro7Uth. 



serving an individual flower when open, its parts are seen. 
The curvature of the different petals varies ; the curvatures 
of the different filaments of the stamens vary, the lo 
stamens of the flower are developed in succession, not 
all together but as a series of acts. 

The specimen presents examples at once of many acts 
of Asynchresis and Imparisynchresis, and Impariasyn- 
chresis ; and we say it is very beautiful and wonderful, i.e. 
it stimulates in the brain of the observer the physical ex- 
pression of admiration. 

The specimen will illustrate the need to subdivide the 
thing observed into parts that can act" separately. The 
times of growth, and the ratios of growth of the separate 
parts are the essential characters of the specimen. 

45. Sunflower. In a sunflower or other composite 
flower we have a succession of florets placed on a common 
receptacle; the florets do not develope all together, but 
those in the outer zones develope first, the successive zones 
towards the centre developing one after another in cen- 
tripetal order. If, then, we consider the successive zones 
of florets as the subjects observed, we have an exaihple of 
asynchronous growth. The sequents of this asynchronous 
growth are important to the flower and to the species. The 
florets are presented in succession to the visits of insects, to 
whom they are indebted for effecting cross-fertilization. 
This series of acts is simple, one subject (one zone) only is 
active at the same time, so that asynchresis is complete. 
If the observer prefers to consider all the florets composing 
the flower head as the individual subjects observed, he will 
find that no combination of subjects in action recurs, so 
again it is seen that asynchresis is very great. 

Remarks. Having observed examples of visible outcomes 
of growth, it may be seen that in the descriptions given we 
speak often of the attributes time and quantity as characters 
of the acts of growth. Our first purpose is to show the im- 
portance of observing the attributes of growth as demon- 
strated by specimens, and the forces whose action determines 
those attributes. 
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The illustrations already given serve to demonstrate the 
importance of observing the intrinsic attributes of the acts 
of growth as seen in the specimens resulting from such 
growth, viz. the time and the quantity of each act. 

Specimens showing relations of the Time of Growth, 
and the importance of noting the Relations of Acts of 
Growth as to the time of their occurrence. 

Examples showing Relations of the Time of Growth, 

46. To begin with examples of plant life, the time or 
order of events is marked as an important element in the 
following illustrations. In many insect- fertilized flowers 
cross-fertilization results from an arrangement in the time 
of development of the organs. Flowers are called protero- 
gynous when the stigmas are protruded and in receptive 
condition before the anthers have matured their pollen. On 
the other hand, they are called proterandrous when the 
anthers mature and discharge their pollen before the stigma 
of that blossom is receptive of pollen. Scrophularia is a 
good instance of proterogony in flowers fertilized by bees. 




I. — Scrophularia. 



The following description of this flower is given by Pro- 
fessor Asa Gray^: — "The flower is irregular, and is ap- 
proached from the front, the spreading lower lobe being 

^ Structural Botany ^ p. 220. 

12 — 2 
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the landing-place. Fig. 11 b represents a freshly opened 
blossom; and Fig. lira section of it. Only the style 
tipped with the stigma is in view, leaning over the landing- 
place; the still closed anthers are ensconced below. The 
next day, or a little later, all are as in Fig. 1 1 a. The style, 
now flabby, has fallen upon the front lobe, its stigma dry, 
and no longer receptive; the now opening anthers are 
brought upward and forward to the position which the 
stigma occupied before. A honey-bee, taking nectar from 
the bottom of the corolla, will be dusted with pollen from 
the later flower, and on passing to one in the earlier state 
will deposit some of it on its fresh stigma. Self-fertilization 
here can hardly ever take place, and only through some 
disturbance of the natural course." 



Fig. 12. — Clerodendron. 

47. In Clerodetidron a similar result follows, from the 
anthers ripening before the pistil. The flower is conspicuous 
from its colour. The long filiform filaments and style project 
when the corolla opens; the stamens remain straight, but 
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the style proceeds to curve downward and backward, as Rdations^ 
in Fig. 12. The anthers are now discharging pollen; the/'* ^'"'^•^ 
stigmas are immature and closed. On the second day the 
anthers are dead, and the filaments recurved and rolled up 
spirally, while the style has taken the place of the filaments, 
and the two stigmas, now separate and receptive, are in 
the very position occupied by the anthers the previous day. 
An insect flying from one flower to another must transport 
pollen from one to the stigma of the other. 

These examples serve to illustrate the importance of 
the relations in time among acts of growth. 

48. Orchis maculata; a young plant which has pro< 
duced tubers, and no flowers. 

49. An older plant, showing flowers developed, and 
tubers diminished in size. 

50. A jawbone, dissected, to show the third molars as 
yet uncut. 

51. Specimen. 

62. Fuchsia flowers : in the young flower the stigma 
protrudes : in the older flower the stamens occupy positions 
formerly taken by the anthers. 

53. Mallow flower. Anthers first prominent, later 
the ten branched stigma protrudes. 

54. Epilobinm flower. Anthers first present, then the 
style. 

55. Specimen. 

56. Rose. Flower-bud gathered in March. It began 
to open early in season and was killed by frost. 

57. Sprig of almond, showing annual growth of flowers 
before foliage. 

58. Sprig of cherry. 

59. Sprig of wild plum. 

60. Sprig of hawthorn, showing foliage before flowers 
in the course of annual growth. 

61. New shoot of chestnut. Foliage and immature 
flowers emerging from the same bud. 

62. Sprig of rose, showing foliage before flower. 
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63! Yellow jasmine flower before foliage. 

64. Conifer sprig, showing coincident foliage of five 
years' growth. 

65. Models representing the state of dentition of a 
child at various ages. 

66. Northern fox. Two examples, showing the dif- 
ferent growths of fur according to the time of year. 

Specimens showing the importance of describing the Quantity 
of Growth, 

67. Drosera rotundifolia plant. Root is small in 
proportion to foliage. 

68. Lime leaves, old and young. The size of leaf in- 
creases with age up to a certain period. 

69. Viola canina. Seed from various pods. The 
number and weight of each lot indicates the success of the 
flower which produced it. 

70. Flowers. Mon-androus, Di-androus; Tri-, Tetra-, 
etc., Dec-androus, etc. Flowers were arranged in the Lin- 
nean system according to number or quantity of stamens. 

71. Hop. Tops of two stems; showing the quantity 
of growth made in one day. 

72. Aconitmn napellus, sepals and petals. Note va- 
rious size and form of sepals. 

73. Seeds, showing examples of large and small coty- 
ledons in proportion to the total weight of the seed. 

Note, Observation of the relative quantities of growth 
in the parts of an object is conveniently spoken of as pro- 
portional growth. 

Specimens showing the importance of observing Propor- 
tional Growth, 

74. Crystals of similar form and various sizes. Repair 
of crystals. 

75. Leaves of Eucalyptus; the young leaves are long 
and narrow, the older ones are broader. 
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76. Seedling maple, showing the different form of the 
cotyledons and the subsequent leaves. 

77. Symmetrical and oblique leaves. 

78. A chestnut germinating. The bursting of the seed 
is owing to the unequal enlargement of the embryo and the 
testa. 

79. Seedling beans ( Viciafaba), The arched hypocotyl 
is due to epinasty, or greater growth upon the upper surface. 

80. Mus, Cat, Osteology\ No. 3; No. 14, on develop- 
ment of bones. In a foetus the ribs become longer and 
more carved as growth and development occur; this may 
be seen in the ribs and the femora. 

81. Specimens showing distribution of fat. 

82. Crystals of alum of various sizes. The angles 
and the ratios of the axis are identical in all these crystals. 

83. Chystals of alum which have been injured, then 
placed in a coloured solution. Enlargement has occurred 
in the original proportions, and repair of the part cut off 
has taken place through restoration of the original ratios 
of the axis. 

Note. The tendency to the original ratios of growth 
was retained after the injury to the crystal. 

84. Crystals. Identical in composition, in size, and 
form, or the ratios of their axis. 

85. Crystals, all of same substance. They are similar in 
the relations of their axis and in form, but not similar in size. 

86. Crystals, isomorphous ; similar as to form, ratios of 
axis and as to size; but not similar as to chemical com- 
position. 

87. Daffodil flower, shows great growth of the corona. 
Observe the high ratio on comparing corona and perianth. 

Note. The corona appears to correspond in position, 
and its origin in development to the ligule of a leaf or 
petal (phyllome). 

88. Grass blade. Peteolar portion, and lamina with 
development of a small ligule at base of lamina. Propor- 
tional growth of ligule is less here than in daffodil flower. 

^ Catalogue of Royal College of Surgeons. 
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89. Campion flower shows proportional growth of 
ligule and petal. 

90. Snowball plant. Observe form of leaves. Upper 
leaves are entire, the older leaves lower down the stem are 
indented. 

The ratios of growth of parts in a leaf are not similar 
as growth of the leaf proceeds. 

91. Water ranunculus plant. The aerial and aquatic 
leaves are very different in form or in the ratios of their 
growth. 

92. Wall-flower. Two sets of stamens of different 
lengths ; two forms of proportional growth of anther and 
filament are presented. 

93. Bigonia leaf, asymmetrical ; there is not the same 
amount of tissue on either side of mid-rib. 

94. Laurel leaf. Symmetrical. 

95. Convolvulus, stem with leaves near apex. Two 
leaves were killed in early spring and remain attached. The 
specimen shows that individual leaves alter in form or 
proportions of growth as they advance. 

96. Buds of sycamore showing proportions of scales 
and leaves as growth advances. 

97. Buds of chestnut. 

98. Flower-bud— development of— Models. See Sachs. 

99. Ovule and its coats : development of— Models. See 
Sachs. 

Examples showing some Sequences of Proportional 
Growth, 

100. Calvaria of children, from birth till twelve months 
old, showing the actual increase of size of the fontanelle 
during early growth, and later its gradual closure. 

101. A series of pelves at successive ages, showing 
increase of size, and change of shape of foramina as growth 
proceeds. 

102. Model of stoma of a leaf, showing that variation 
in the size of the guard-cells regulates the size of the opening. 
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103. Leaves of cactus, showing that the ratio of paren- 
chyma and vascular tissue is such as to make the leaf 
succulent. 

104. Leaves of holly. The hard character of the leaf 
is due to the small amount of parenchyma. Mus. Cat, Gen, 
Pathol, 121. 

105. Fruits of acacia, in various stages of development, 
showing air-cavity in the seed-case, owing to proportional 
growth of seeds and pericarp. 

106. Casts of the vertex of the skulls of infants at various 
ages from birth upwards, showing variation in fontanelle. 

107. Fruit of chestnut at various stages. The ratios 
of growth of carpel and seed is such that no vacant space 
is developed. 

108. Fea fruit. Carpel grows in such ratio to seeds 
that an air space may exist around them. 

109. Nigella fruit. Carpel has split into two layers, 
of which the outer has grown more than the inner, leaving 
an air space between them. 

110. Bladder acacia fruit. Carpel has grown more 
than seeds, an air-containing cavity results ; it follows that 
the fruit is light and easily carried by the wind. 

111. Foppy fruit. Styles are not developed till fruit 
is ripe, when their growth elevates the stigma and makes 
a porous dehiscence. 

112. Ash buds. The protection which results from 
these ratios of growth is seen, and exposure of leaves to 
light follows. 

112 a. A germinating seed. The seed consists of the Anfece- 
embryo enclosed in its testa, or covering. As long as it ^^^-^ ^/ 
is dry no change occurs; when moistened and kept at q.^^'^ '* 
sufficient temperature the process of germination begins by 
the swelling and growth of the embryo. But the testa does 
not grow; it may stretch a little, but soon the increased 
size of the embryo causes the seed-case to split. The 
splitting of the testa is the outcome of unequal increase in 
the size of the embryo and the seed-case. It thus differs 
essentially from the growth of fruits. 
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The sequences of proportional growth may be to produce 
cross-fertilization in flowers, as is well illustrated by the 
growth of a flower of the Compositae. 

In the flowers of the Composite order a special arrange- 
ment is found with regard to the relative growth of the 
stamens and the pistil, which results in cross- fertilization 
of the flowers; that is, the flower being hermaphrodite is 
not self-fertilized. The stamens, being united by the margins 



Fig. 13. — Compositae. 

of their anthers, form a tube, into which the pollen is dis- 
charged. The stamens grow to their full height and ma- 
turity before the pistil, which, during the early stage of 
the flower, is short and immature. When the anthers are 
ripe and have filled their tube with pollen, the style begins 
to grow, and passes up the tube formed by the anthers, 
pushing the pollen powder before it, which now accumulates 
in a heap at the top of the anther tube. Later, the con- 
tinued growth of the style brings the stigma as the most 
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prominent part of the flower; its lobes open and expose the 
receptive surface. An insect visiting the flower in its early • 
condition, meets with a heap of pollen dust at the top of 
each floret, and thus dusts its abdominal surface ; when the 
insect later on visits a flower in the later stage of growth, 
with the style protruded and expanded, it deposits some 
pollen from the former flower upon the prominent and 
receptive stigma. 

Specimens showing Growth controlled by pressure or 
mechanical strain, 

113. Part of the stem of a plant that has grown bent, 
owing to its having been strained constantly in one direction. 




Fig. 14. — Solanum jasminoides. 

a. One of its petioles clasping a stick. 

b. Transverse section of leaf-stalk not pressed by twig. 

c. Transverse section of young leaf-stalk which has clasped a 
support. After C. Darwin. 

114. Leaf and petiole of a climbing plant {Solanum 
jasminoides) ; the petiole being greatly thickened from pres- 
sure of the twig around which it is coiled. " The flexible 
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petiole of a half or a quarter-grown leaf which has clasped 
•an object for three or four days increases much in thickness, 
and after several weeks becomes so wonderfully hard and 
rigid, that it can hardly be removed from its support. On 
comparing a thin transverse slice of such a petiole with one 
from an older leaf growing close beneath, which has not 
clasped anything, its diameter was found to be fully doubled, 
and its structure greatly changed ^" 

115. Head of femur with trochanters, and muscles at- 
tached to it. The portions of bone most pulled upon have 
grown the most prominent. 

116. Specimen. 

117. Specimen. 

118. Foot of Chinese woman, much distorted, atrophied, 
and hindered in growth by artificial compression. Mus. 
Cat, Gen. Pathol.y 30, Royal College of Surgeons. 

119. Specimen. 

120. Specimen. 

121. Specimen. 

122. Specimen. 

123. Clematis glandulosa. Two young leaves have 
clasped two twigs, and the clasping portions have become 
thickened. C. Darwin. Climbers. 

124. Ampelopsis hederacea. A. Tendril fully de- 
veloped, with a young leaf on the opposite side of the stem. 
B. Older tendril, several weeks after its attachment to a 
wall, with the branches thickened and spirally contracted, 
and with the extremities developed into discs. The unat- 
tached branches of this tendril have withered and dropped 
off. C. Darwin. Climbers. 

125. Rattle grass ^ developes suckers on the roots where 
they touch the living roots of neighbouring grass, and live on 
them as parasites. Prof. Trail. 

126. Vitis hatarinphylla suckers develope when they 
press on objects. 



^ C. Darwin on Climbing plants. 
2 Rheanthus Christa galli. 
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Specimens showing the Quantity and Time of Growth con- 
trolled by Heat, 

127. Pruit grown in hothouse. 

128. Similar fruit grown out-of-doors. 

129. A hen's ^g and a newly-hatched chick. Con- 
tinuous warmth is necess ary to the growth of chick in the 

130. A deformed chick due to unequal application of 
heat to various parts of the ^%% during artificial incubation. 

131. Specimen of a tropical plant. The foliage buds 
have no scales. 

132. Vitis vinifera. A. Portion of branch grown 
against the garden wall. B. Portion of another branch 
of same vine from a greenhouse. Both specimens were cut 
at the same time, that from the house shows large leaves 
and flowers ; leaves on outdoor branch are small. 

Specimens showing the Time and Quantity of Growth 
controlled by Light, 

133. Two branches of the same plant, one grown in day- 
light, the other in a dark box. The branch grown in dark- 
ness has long internodes, small leaves, and perfect flowers. 
The effects of light in controlling growth in different vege- 
table tissues and structures are well illustrated by the next 
example quoted from Sachs ^ : 

" It is remarkable that etiolation does not extend to the 
flowers. As long as sufficient quantities of assimilated ma- 
terial have been previously accumulated, or are produced by 
green leaves exposed to the light, flowers are developed even 
in continuous darkness which are of normal size, form, and 
colour, with perfect pollen and fertile ovules, ripening their 
fruits and producing seeds capable of germination. The 
calyx, however, which is ordinarily green, remains yellow or 
colourless. In order to observe this it is only necessary to 
observe a stem of Cucurbita with several leaves, the main 

1 Op, cU,, p. 675. 
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stem having been passed through a small hole into a dark 
box, the leaves which remain outside being exposed to as 
strong a light as possible. The bud developes in the dark a 
long colourless shoot with small yellow leaves and a number 
of flowers, which, except in the colour of the calyx, are in 
every respect normal. The extremely singular appearance 
of the abnormal shoots, with normal flowers, showing in a 
striking manner the difference in the influence of light on 
the growth of different organs of the same plant." 

134. A young geranium, showing bending of the stem 
towards the light ; the curvature is due to checking of growth 
on the side lighted. 

135. A seedling plant, showing the root bent away 
from the source of light. 

136. Orustaceans that have lost their eyes from long 
residence in darkness. 

137. Similar animals, with perfect eyes, from a light 
locality. Mr C. Darwin gives many examples of loss of 
parts in a species from disuse. I will quote but one of them : 

"It is well known that several animals belonging to the 
most different classes which inhabit the caves of Cariniola 
and Kentucky are blind. In some of the crabs the foot-stalk 
for the eye remains, though the eye is gone. As it is difficult 
to imagine that eyes, though useless, could be in any way 
injurious to animals living in darkness, their loss may be 
attributed to disuse. In one of the blind animals, namely, 
the Cave-rat {Neotoma\ two of which were captured by Pro- 
fessor Silliman, at about half a mile distant from the mouth 
of the cave, and therefore not in the profoundest depth, the 
eyes were lustrous and of large size ; and these animals, as I 
am informed by Professor Silliman, after having been ex- 
posed for about a month to a graduated light, acquired a dim 
perception of objects." 

In this case it appears that the long exclusion of light 
from the eyes of a species is followed by loss of the eyes. 

138. Two pea plants of equal age from date of germi- 

^ Origin of Species y p. 1 10, et seq* 
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nation; one has been grown in light, and has assimilated, 
the other was grown in darkness and when dried weighs less 
than the seed. 

Look at the seedling which has been grown in darkness, 
and compare its parts with those of a plant grown with due 
light. That grown in darkness has a long stem and small 
leaves — this shows that light can control the quantities of 
growth. A plant grown near a window so that one side of 
the stem is more illuminated than the other is seen to have 
the stem bent concavely towards the light, this is due to the 
action of light in checking growth on one side more than on 
the other. 

139. Tracing of movements of circumnutation, and 
their substitution by heliotropic movements towards the 
light. C. Darwin. 

Light acting upon the circumnutating stems alters the 
ratios of action in the vegetable cells coordinating them 
in one direction ; light controls the quantities of action 
in certain cells, and definite movement of the plant results. 
The plant does not move itself, the light may regulate its 
spontaneous movements so that bending in the direction 
of the light results. When the plant is quietly growing, 
circumnutating as the stem ascends it is all ready for the 
special action which follows when light illuminates one side 
of the stem more than the other, the plant is active, its 
activity causes its movement, and this spontaneous move- 
ment may be controlled to something like an intelligent 
action ; and while the plant is steadily bending towards the 
light there is very little spontaneous movement. 

140. Sinapis alba, seedling; the radicle is bent away 
from the light. " The conclusion seems inevitable that sen- 
sitiveness to light resides in the tip of the radicle, and that 
the tip when thus stimulated transmits some influence to 
the upper part, causing it to bend." C. Darwin, Move- 
ments^ 483. 

141. Seedling peas nine days from commencement of 
germination. They have all bent together towards the 
light. 
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142. Seedling peas, their radicles were exposed to a 
strong light and killed by it 

Specitnetis showing the Quantity and Time of Growth 
controlled by Gravity, 

143. Oell of Vaucheria. This is a unicellular tube ; the 
posterior end bends downward, the anterior end bends up- 
wards under the influence of gravity. Sachs, 760. 

143 a. The young plant was placed horizontally, the 
stem has curved upwards, the root downwards, owing to 
greater growth of stem on under surface, and the root on 
its upper surface. 

Specimens showing the Quantity or Time of Growth 
controlled by Sound, 

143 b. Deformed chicks. Their proportions of growth 
are not normal. This appears to have resulted from sudden 
noises during incubation. Poultry^ May 16, 1884. 

Cellular Growth^ or Growth in groups of Cells, 

144. Maple leaf attacked by fungus; small loci of 
cells are overgrown and develope the colour of young 
shoots. 

145. Bramble leaf, margin brown and killed by frost- 
bite. 

146. Bramble leaf. Loci of cells are devoid of chlo- 
rophyll and filled with coloured sap. 

147. Fucus. A thallus, or cellular mass, with concep- 
tacles which are indicated by the group of hairs proceeding 
from them. Each conceptacle grows separately, and each 
branch of the thallus grows independently. 

148. Thallus of a lichen. A mass of cells growing 
independently of one another. 

149. Sinapis alba, seedling. Its circumnutation is 
due to the growth of different groups of cells. 

150. Bean germinated. Its growth by hyponasty is 
due to growth of different groups of cells. 
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151. Skin of a cat. Each hair grows separately, and 
the hairs grow similarly as to length and bending in cor- 
responding parts of the animal. 

152. Feathers of a blackbird. Each feather grows 
separately. 

specimens illustrating Double Results of Growth, 

Two or more visible results may follow an act of growth, 
or an impression received, of the results one or more may 
not be observable at the time. 

153. Germinated bean. The mode of growth termed 
hyponasty results in curvature of the stem, and also in the 
plumule being bent downwards. This leads to plumule 
being elevated and protected. 

151 Sinapis alba germinated. The ratios of growth 
in the stem lead to a double sequence, elevation of the 
cotyledons, and placing them at right angles to the direction 
of light. 

155. Do. do. Its mode of cellular growth leads to 
circumnutation and aptness for hdiotropism, etc. 

156. Salvia flower and a laminm. In Salvia the 
stamens are two in number, and each has but half an 
anther. The outcome of this modified structure, as com- 
pared with the Lamium, is less production of pollen, and 
greater certainty of cross-fertilization. 

157. Oak-sprig with leaves and acorns. Observe the 
leaves which assimilate and large cotyledons of seeds in 
which storage occurs. Storage is thus a secondary, and 
a visible result of assimilation. 

158. Lupin leaf. Observe pulvini or motor organs at 
base of leaflets ; their action produced an altered position 
of the leaflets and results in protection from cold at night. 

159. Drosera rotnndifolia. Irritation of tentacles leads 
to more than one result when a fly is caught, (i) Increased 
secretion. (2) Carrying of the fly to centre of leaf, etc, 
(3) Its digestion. In a leaf of Drosera rotundifolia if an 
insect settles on one tentacle, a stimulus is transmitted to 
the others causing them to secrete and then bend towards 

W. 13 
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the fly. Here we see the stimulus transmitted to a distance 
and then produce a double action. 

The following description oi Drosera rotundifolia^ is bor- 
rowed from Darwin^s Insectivorous Plants^ p. 4. "It is 
necessary, in the first place, to describe briefly the plant. 
It bears from two or three to five or six leaves, generally 
extended more or less horizontally, but sometimes standing 
vertically upwards. The shape and general appearance of 
the leaf is shown, as seen from above, in fig. 15. The 
leaves are commonly a little broader than long, but this 
was not the case in the one here figured. The whole 
upper surface is covered with gland-bearing filaments, or 
tentacles, as I shall call them, from their manner of acting. 
The glands were counted on thirty-one leaves, but many 
of these were of unusually large size, and the average num- 
ber was 192; the largest number being 260, and the least 
130. The glands are each surrounded by large drops of 
extremely viscid secretion, which, glittering in the sun, 
have given rise to the plant's poetical name of the sun-dew." 
Page 9. " If a small organic or inorganic object be 
placed on the glands in the centre of a leaf, these transmit 
a motor impulse to the marginal tentacles. The nearer 
ones are first affected and slowly bend towards the centre, 
and then those farther off, until at last all become closely 
inflected over the object." 

Page 16. **When an insect alights on the central disc 
it is instantly entangled by the viscid secretion, and the 
surrounding tentacles after a time begin to bend and ulti- 
mately clasp it on all sides." "If an insect adheres to only 
a few of the glands of the interior tentacles, these soon 
become inflected and carry their prey to the tentacles next 
succeeding them inwards; these then bend inwards, and 
so onwards, until the insect is ultimately carried by a curious 
sort of rolling movement to the centre of the leaf." 

Remarks, Double Action, two outcomes of action, 
action and often occur simultaneously in a living thing. In the potato 
its results, pi^nt growing under favourable circumstances double action 

1 See fig. 15, p. 2ia 
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occurs, assimilation or manufacture of starch and storage in 
the tubers underground. In the germinating pea unequal bi- 
lateral growth leads to curvature and bending of the plumule 
downwards. A pulvinus is the motor organ at the base 
of certain leaves ; if it be touched its cells swell on one side 
and movement of the leaf results, but no further structural 
changes occur. 

specimens showing that an impression may be produced 
on a living object^ and its outcome may not be observable 
till a later period. Delayed expression. 

160. Drosera rotundifolia. The tentacles are seen to 
move some hours after the fly has been caught. 

161. Ficns repens. Young rootlets were made to press 
lightly on glass slips, they emit after about a week's interval 
minute drops of clear fluid which dries up and causes them 
to adhere to the glass. C. Darwin, Climbers^ p. 186. 

162. Maurandia Barclayana. Petioles, when lightly 
rubbed, move after a considerable interval of time, and sub- 
sequently become straight again. Darwin on Climbers^ 
p. 67. 

163. Gloriosa plantii. "When the hook has caught 
a thin twig, the point may be perceived in from i hour 
to 3 hours to have curled a little inwards; and under fa- 
vourable circumstances, it curls round and permanently 
seizes an object in from 8 to 10 hours." Darwin, Climbers^ 
p. 78. 

164. Seedling. Movements of radicle occurred some 
hours after irritation, and subsequent amputation of the apex. 

165. Drawings. Linncean Society's Transactions^ Feb. 
1888. Effects of light in producing movements of pro- 
toplasm. 

166. Transverse section of oak. Observe thick zone Delayed 
of wood which corresponds to growth of a warm year. We ^^P^^"io*^* 
saw the foliage, and the crop of acorns, now we see the 
thickness of the wood of that year. We have to wait to 

see the outcome of the impression produced. 
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167. A flower fertilized by pollen from another flower 
of the same spedes. 

168. Fruit of the same flower when the seeds are 
ripe. 

169. Plants grown from seeds of last specimen. 

Note, If pollen is applied to the stigma of a flower 
we subsequently observe development of the carpels and 
the ripening of the seeds. The effects of the cross-fertili- 
zation are not observed till plants grow from those seeds. 

Specimens illustrating living things as being impressionable , 
and as the seats of Storage of Material or Force, 

170. A bean not germinated. In the absence of 
moisture it is not impressionable to the effects of ordinary 
temperature and light. 

171« A bean that has been kept moist and germi- 
nated. Its parts are now impressionable to light, touch, 
gravity, etc. 

172. A potato tuber spouted. Its impressionability 
depends upon its buds (structure) ; its storage of material, 
and the intrinsic vitality of the buds. 

173. Oxalis leaves show pulvini or motor organs, one 
at the base of each leaflet. 

174. Mimosa pudica. The movements of the leaves 
oi Mimosa pudica are well known. 

Professor Balfour^ gives a good description of the leaves 
of Mimosa, He says : 

"The leaf of Mimosa is compound and bipinnate. The 
small pinnules or leaflets are expanded horizontally when 
the plant is in the light, and in its natural state ; but when 
it is in darkness, as well as when its leaves are touched 
or irritated, the pinnules fold upwards, so as to bring their 
upper surfaces into contact, and at length the petiole is 
depressed, so that the entire leaf falls down. When light 
is introduced, or when the irritation is removed, the leaflets 
gradually unfold, and the leaf-stalk rises. If two of the 

^ Clasi Book of Botany, 3rd edition, p. 495. 
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leaflets at the extremity are touched, or are irritated by heat 
from a lens or by electricity, without agitating other parts, 
they fold upwards, and a similar movement takes place in 
the adjoining leaflets in regular succession from the apex 
to the base of the petiole. The irritation is also com- 
municated to the neighbouring partial petiole, the leaflets 
of which fold in a reverse order, namely, from base to 




Fig. 14. Leaf of Mimosa pudica. 

apex. The movements may be propagated until the partial 
petioles converge and fall down; and Anally the general 
leaf-stalk is depressed. If the lower leaflets are first irri- 
tated, the foldings take place from the base to the apex 
of the petiole; if the middle leaflets are touched, then the 
foldings occur on each side." 

175. A gourd moulded by pressure. When the fruit 
is growing rapidly its form is easily moulded by mechanical 
pressure. 

176. A seedling cyclamen Seroicum. Tracing of 
downward apheliotropic movement of a flower-peduncle. 
Darwin's Movements^ p. 434. 

While circunmutating the plant is impressionable to 
action of light. That heliotropism is a modification of 
ordinary circumnutation is an inference drawn from the 
graphic records of the movements of stems, ordinary cir- 
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cumnutation being replaced by the heliotropic movements, 
and reappearing when the lateral light diminished. The 
movement of a plant towards a lateral light is zigzag at 
first, later the line of its bending is almost straight, more 
rectilinear. It is probable that the lateral light does not 
arrest the circumnutation but changes the zigzag line of 
movement to a rectilinear one. 

176 a. Kalmia flower. A good example of storage of 
force is seen in the Kalmia blossoms {Kalmia lati/olia). 
The corolla closes in both the style and the stamens, which 
are seen just inside the corolla; the upper enlarged part 
of the ^stamen is its anther, or pollen-box, and this is lodged 
in a small pocket of the corolla. The stalk of the stamen, 
or filament, becomes bent as the corolla opens. The ex- 
pansion of the corolla curves the filament outwards; this 
creates a mechanical tension in the filament. It is said 
that the "corolla opens f this is a result of a certain mode 
of growth in the corolla which it is important to understand. 
While the corolla is in the bud state the inner surface of 
the corolla grows less quickly than the outside, and as a 
result the inner surface of the corolla remains concave, and 
the corolla closed. When growth is almost completed the 
inner surface of the corolla grows more quickly, with the 
result that what was the inner and concave surface now 
becomes convex and the flower opens, the style is exposed 
to the air, its stigma becomes the most prominent part 
of the flower, and the filaments of the stamens are placed 
under tension, their upper surfaces becoming convex; the 
anthers are still held mechanically in the pockets of the 
corolla. It may be seen that the cause of the tension in 
the filaments results from the movement of the parts of 
the corolla, and that this results from an alteration in the 
ratio of growth of the surfaces of the corolla. The tension 
in the filaments results from the ratios of growth in the 
surfaces of the corolla, and this is due to the inherited 
intrinsic forces in the plant. The anther, or pollen-box, 
discharges pollen through a small orifice at the apex of 
each cell. 
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When an insect settles upon the flower it touches first Flower of 
the stigma, which is the highest part of the flower; the J^^^^i^* 
shaking which the flower thus receives liberates some of 
the stamens, and the anthers being liberated fly upwards 
and discharge their pollen on to the insect, which flies away 
with some of the pollen of this flower adhering to it. Now 
consider two such flowers and the bee which passes from 
one to the other collecting honey. The first open flower Enlarging 
that he visits dusts his body with pollen; this he czxri^s-fi^^^ ^f.^' 
to the next flower visited, and there deposits some upon 
the stigma, at the same time receiving a fresh supply of 
pollen, which he carries off to the next flower. Thus cross- 
fertilization of the flower is effected. Whenever we come Mffvetnent 
to observe movements of parts in plants the case is much fnoread- 
more complex than with conditions of growth, the results «^^^/;^, 
much more striking and wonderful, and such examples 
are found in the most highly developed parts of the plant. 
Such examples are not spoken of as due to intelligence in 
the plant, but are very analogous in their outcome to acts 
that are termed signs of intelligence in animals. 

Remarks. It is convenient to place together groups of 
specimens which illustrate living objects as being impres- 
sionable and as storing up by their growth material or 
force. This is desirable because it may throw some light on 
those intrinsic conditions of living objects which give them 
aptness for action. 



Examples of Storage of Force as the result of Growth, 

Storage of force is seen in the growth of many fruits, 
and usually leads to the scattering of the seeds by me- 
chanical means. In a species of wild geranium {Geranium 
dissectum)y when the other parts of the flower have fallen, 
the central axis elongates in its growth; each seed is con- 
tained in a case, which is supported by a rod of tissue, 
which in the early condition of the flower forms part of 
the central axis, but gradually becomes detached from it. 
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When the seeds are ripe the case containing the seed be- 
comes detached from the base of the supporting column 
and splits open, the rod is in a state of tension, and even- 
tually becoming detached with a jerk, the seed is thrown 
some little distance. The cause of the tension in the rod 
is the unequal growth which occurs in its inner and outer 
surfaces ; the inner surface, or that next to the central sup- 
port, grows the most; tension or storage of force is thus 
produced, the mechanical energy is suddenly displayed when 
any jar is communicated to the plant, and scattering of 
the seed results. Examples of the storage of mechanical 
force might be multiplied. The lessons we may learn are 
that conditions of growth may produce mechanical action, 
which for a time may be stored up in latent form, and then 
become suddenly manifested in movement, producing a 
visible effect, which in its turn leads to important results 
to the species. Cross-fertilization is very important in pro- 
ducing good seeds. Scattering of the seed is essential to 
the spread of the species over the surface of the earth. 

Examples of Storage of Material resulting from 
Growth, 

176 b. A potato. Storage of material is effected under- 
ground in tubers, or thickened lateral branches of the stem. 

General Remarks. The main points which have thus 
far been illustrated are : 

(i) Modes of giving physical descriptions in place of 
general descriptions. 

(2) Illustrations of attribute time as a character of 
acts of growth. 

(3) Illustrations of attribute quantity as an intrinsic 
character of acts of growth. 

(4) Control of the attributes of growth by physical 
forces. 
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PART II. 

The study of series of acts of Growth, 

Observation of specimens may serve to train the mind Natural 
to study the attributes of the processes of growth. The ^*^J^ 
student may thus become accustomed to study the attributes cholo^. 
of acts as seen in the action of nerve-centres producing the 
expression of mind. Some series of acts of growth may 
be seen to be followed by results so wonderful as to appear 
to exhibit the work of some intelligence. 

The term "series" implies that the facts observed were 
not produced synchronously but in an observable suc- 
cessional order. The intrinsic characters of a series of 
acts depends upon the attributes of the successive combi- 
nations, and those of each factor in successive combination. 
In observing nerve-muscular acts we see visible movements, 
but we consider all the parts that at any time move during 
that series. In looking at a specimen as illustrating a 
series of acts of growth, it is convenient to consider all 
the parts at any time seen acting in the series. They may 
be thought of if not present in any particular act of the 
series, their appearance or disappearance at any portion 
of the series is a question of their time of acting only. 
Looking at a foliage twig with leaves fully developed we 
see the parts that assimilate, but not the outcome of the Movement 
action ; observing a series of nerve-muscular movements ^^^ , 
in man we see the outcome of action occurring in nerve- 
cells not the cells acting. A series of acts implies relation 
of successive acts as to time. We are speaking of series 
of visible acts, equivalent to series of visible movements. 
In viewing a specimen which is the result of growth we 
may see all the parts concerned in the series, or if some 
have been lost, they may have been previously observed 
and known. In considering a series of acts of growth we 
must enlarge the field of thought to include all members 
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of the series, then the parts acting ip a particular combi- 
nation is a relation in time ; thus augmentation of parts 
acting in a combination, or diminution of parts depends 
upon the time of action of parts. 

specimens showing the importance of subdividing the object 
observed into the parts that may grow or act separately. 
Animal Specimens, 

177. A sponge showing a colony of polyps. 

178. A piece of coral 

179. A marine Hydrozoon. 

180. Amoeba. Drawings showing fibres thrown out 
from its substance; those parts can act and move sepa- 
rately. 

181. Botifera. Drawings showing ciliated projections 
which can move separately. 

182. Frog. Dissection shows parts of the animal con- 
cerned in producing movements. Brain, spinal cord, nerve- 
fibres and muscles. Various groups of muscles can contract 
separately. 



Flowers and Inflorescence, Buds, 

183. Primrose flowers, (a) long style ; {p) short style. 
It is necessary to look at the parts of each specimen 

to observe the different proportional growth in the essential 
organs of the two flowers. In the outer wholes of the 
flower proportional growth is similar in each case. 

184. Euphorbia. An inflorescence, or colony of flowers. 

185. A son-flower. An inflorescence or collection of 
flowers which grow separately. It is a colony of florets 
collected on one support The Uttle flowers at the outer 
edge are of a different shape from those in the centre. A 
floret from the margin has a tubular corolla greatly pro- 
longed on one side in strap-like form hanging over the 
margin of the flower head. The florets of the centre are 
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tubular and cup-shaped, and of equal height all round. 
There are points concerning the arrangement of the florets 
worthy of special notice; the florets in the circle at the 
margin open first and attract the visits of insects, the next 
day a circle nearer the centre opens, and so on in suc- 
cession; thus fresh flowers open each day. We will now 
look at a single floret in detail, specially noticing the 
arrangement with regard to the relative growth of the 
stamens and the pistil, which results in cross-fertilization 
of the flowers. The stamens are united by the margins of 
their anthers, forming a tube into which the pollen is dis- 
charged. The stamens grow to their full height and ma- 
turity before the pistil, which during the early stage of the 
flower is short and immature. When the anthers are ripe 
and have filled their tube with pollen, the style begins to 
grow, and passes up the tube formed by the anthers pushing 
the pollen powder before it, which now accumulates in a 
heap at the top of the flower. Later, the continued growth 
of the style brings the stigma as the most prominent part 
of the flower, its lobes open and expose the receptive surface. 
An insect visiting the flower in its early condition meets 
with a heap of pollen dust at the top of each floret, and 
thus dusts its abdominal surface; when the insect later 
on visits a flower in the later stage of growth, with the 
style protruded and expanded, it deposits some pollen from 
the former flower upon the prominent and receptive stigma. 
Thus cross-fertilization is effected. The time of each act 
described is an essential attribute of the process which 
brings about cross-fertilization or conveyance of pollen from 
one flower to another. 

186. Daisy flower. A composite; the flower here is 
called a capitulum. The florets are of two kinds, and form 
a colony. Observe that series of acts of growth are seen 
among the many parts of the flower. Proportional growth 
is seen in the parts of a single floret and results in cross- 
fertilization of the flowers. 

187. Chestnut bud. It consists of many parts that 
grow separately. 
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Branches* Roots, 

188. Spdg of may. The specimen shows many foliage 
buds or growing points. Separate action takes place in each 
bud independent of its neighbours, and must be observed 
separately. 

189. Sprig of ivy. The specimen shows alternately 
leaves of last year's growth and a new shoot proceeding 
from the axil of each leaf. 

190. Spdg of fir. The specimen shows the foliage of 
two former years and a terminal bud at which growth is 
proceeding. 

191. Sprig of conifer. The specimen shows foliage 
of last year, and new shoots at many points. 

192. Spdg of conifer, showing foliage growth of three 
different years. 

193. Tuber of potato. The potato had been planted 
for a fortnight, and when taken up ten stems were found 
proceeding from the **eyes" or buds of the tuber. Each 
part of the tuber which has a bud can grow separately. 

194. Crocus plant. The corm or thickened under- 
ground stem produces buds which may grow separately. 

Note, The members of a plant are illustrated in speci- 
mens Nos. 132, 188, 228, 229. 

195. Oarrot plant. The stem has produced many 
separate leaves, but the root has no buds or separate grow- 
ing points. 

196. Turnip plant presents the same points for ob- 
servation. 

197. Radish plant shows only one growing point 
capable of producing a stem ; there are no buds producing 
lateral members at regular points. 

Physiological division of the object into parts that act 
separately, 

198. Oell of Vaucheria which, though appearing homo- 
geneous, is geotropic at one and apogeotropic at the other. 
Sachs, 760. 
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199. Brassica Seedling stem is apogeotropic. Primary 
root geotropic, and secondary roots are diageotropic This 
is a physiological classification of parts, not an anatomical 
one. 

200. Spirogyra, an al^ Drawings showing its free- 
swimming spores with cilia which act separately or in groups. 

Uniform series of acts of Growth in two or more subjects. 

Definition, In each successive combination of acts the 
same or similar units act in similar time and similar quantity. 

Note, This form of series of acts concerns both time 
and quantity of action. 

201. Equisettim. The foliage stem produces at each 
node a similar whole of similar foliage leaves. 

Compare with non-uniform series where spore-bearing 
wholes appear. 

202. Oonvolvulns. The stem produces a series of 
leaves till the flower-buds begin to appear, then the phyl- 
lomes which form parts of flower are modified. 

208. Bnr-plant. Stem showing successive regular 
wholes of leaves. 

Note, Uniform series of growth appear less wonderful 
and like intelligent action than some of the non-uniform 
series. 

Similar series of acts of Growth in two or more living 
things. 

Definition, Series of acts of growth may be said to be 
similar when similar parts grow in the same relations of 
time and quantity. 

Note. This form of series of acts concerns both time 
and quantity of action in two or more objects. 

20i. May foliage sprigs, 1887. Compared with similar 
sprigs 1888. 

205. Foliage sprigs of the same tree, and same date. 

206. Two daisy flowers fully open. 
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207. Two seedling plan^ from seeds of the same fruit. 

208. Two kittens from the same litter. 

209. Eqnisettim. Each intemode with its whole of 
leaves may be considered a separate subject of growth. The 
series in growth is similar. 

Series of acts of Growth uniform as to time, but are not 
uniform as to relations in the quantity of growth. 

Note. This form of series of acts concerns quantity of 
action only, no notice is here taken of time as a character of 
the successive acts. 

210. Sinapis alba. In the series of foliage growth we 
see parts produced in succession of various form, or pro- 
portional growth (relations in quantity), (a) Cotyledons, 
(J)) ordinary foliage leaves. 

211. Mimosa pndica. Observe that the series of growth 
brings into view in succession, (a) Cotyledons, {p) simple 
foliage, (c) compound foliage. All these parts differ in the 
ratios of their growth. 

212. Passiflora coemlea. See Lubbock, fig. 94. The 
first leaves succeeding the cotyledons are entire, later leaves 
are palmate. 

213. Oephalandra palmata. Seedling. 

214. Larkspur flower. Calyx polysepalous and irregu- 
lar, sepals are synchronous in development, but are not of 
equal proportional growth. 

Series of acts of Growth non-uniform, successive members 
being added to the series, and continuing to grow, while 
older members live on but cease to grow. Reinforcements 

Reinforcement signifies the area of visible action ex- 
panding. More parts successively partaking in the action. 

Note. This form of series of acts concerns the time of 
action only, no notice is here taken of the quantity as a 
character of the parts successively produced. 

215. Sprig of fir showing old and new foliage belonging 
to successive years. 
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216. An iris flower, followed later by appearance of a 
second flower and a bee. 

217. A plant contrasted with seedling which has less 
foliage, shows that the older one has been reinforced in its 
foliage, and consequently produces more assimilation. 

218. Transverse section of stem of chestnut at 7 
years contrasted with one at 21 years shows that older tree 
made more wood in each annual zone sequential to the rein- 
forcement of its foliage. 

219. Epilobium inflorescence. Successive flowers open 
and are added to the inflorescence. 

220. Growing point of eqnisetum. Drawing, Sachs. 
Shows increase in number of cells without increase in bulk 
of tissue. 

Series of acts of Growth^ the number of parts lessening as 
growth proceeds. Suppression, 

221. Flower of poppy fully expanded, compared with a 
flower bud ; sepals are deciduous. 

222. Frait of buttercup, compared with a mature 
flower ; as growth proceeds petals and stamens drop off. 

223. Oapitulum of daisy. The series of opening flowers 
is centripetal in direction, and the number of members in 
successive wholes diminishes. 

224. Horsechestnut flower. 

Note, In such inflorescences a series of successive 
wholes or combinations are developed, the successive wholes 
containing a diminishing number of flowers. 

225. Wallflower presents serial development of two 
wholes of stamens ; in first whole there are two stamens, and 
in the second whole there are four. 

226. Flane tree. A sprig showing ripe fruit, and dead 
leaves, which are consequently inactive. 

Series of acts of Growth. Successive members of the series 
not being similar in kind, 

227. Sprig of almond. A series of blossoms develope, 
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then later a series of members which are different in kind 
from foliage leaves. 

228. Foliage bud in development, scales, then leaves. 

229. Flower bud, bract, sepals, petals, stamens, carpels. 

230. Ohestnut bud. A mixed bud producing a number 
of foliage leaves, then inflorescence. 

Series of acts of Growth, Successive members of the series 
not similar in quantity, 

231. Snow-ball plant, successive leaves not being simi- 
lar in form or in proportional growth. The upper leaves are 
entire, the lower ones are indentated. 

232. Seedling sycamore, cotyledons and common foliage 
differ in P. G. 

233. Seedling mimosa cotyledons. Simple foliage. 
Compound foliage. 

Compound series of acts of Growth, Compound action. 

Definition. A compound series of acts of growth is one 
where the members acting change during the series so that 
at its conclusion the acting members are different from those 
at its commencement. 

A compound series signifies a change in the individuals 
that act in the series. This depends on a relation in time of 
action of the members. Compound action may occur among 
the units of a living thing. The units of time in compound 
or other form of serial action may affect one another, or the 
serial action may be from the coordinating effect of a com- 
mon force (law of Syntrophy). The final visible action may 
differ much from the early acts of the series. We observe 
the visible action, the intimate process is inferred. 

In a compound series of acts the final action differs from 
the early acts of the series, and is "adapted" to or is 
thoroughly controlled by the circumstances. 

234. Buttercup bud, flower and fruit on the same plant, 
{a) the four wholes are present, {b) the petals are lost, {c) 
stamens have fallen, (d) sepals have fallen, {e) ripe carpels 
alone remain. The fruit may be said to be well adapted to 
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its final purpose, the intermediate stages of growth were 
temporary. 

235. Sprig of nut with male and female catkins. Male 
catkins fall off and the ripe ovaries alone form the fruit 

236. Boot curved round a stone. Darwin, Move- 
ments^ p. 198. When the tip of the root touched the stone, 
it was deflected from it. Then, under the influence of 
geotropism, it proceeded downwards till contact with the 
stone at a point a little above the apex was followed by 
the apex bending towards the stone till it came to the edge, 
when it bent directly downwards. Action of one set of 
cells after another produced the adapted movement. 

237. A piece of peritoneum inflamed and covered 
with lymph (injected). 

238. A piece of peritoneum forming an adhesion. 
After much action in many cells, action subsides and the 
final outcome may be useful. 

A series of movements having a definite antecedent and 
sequence, is seen in the case of the tentacles of the leaf of 
Drosera rotundifolia when a fly has become attached to 
one of them. 

Mr C. Darwin, in his work on Insectivorous Plants^ p. 4, A series of 
describes the leaves of Drosera rotundifolia in detail. The ^^ ^^ 
whole upper surface of the leaf is covered with gland-bearing ^^^y 
filaments, or tentacles. The glands are each surrounded 
by large drops of extremely viscid secretion, which, glittering 
in the sun, have given rise to the plant's poetical name of 
the sun-dew. The tentacles on the central part of the leaf 
are short and stand upright, and their pedicles are green. 
Towards the margin they become longer and more inclined 
outwards. 

If a small organic object be placed on the' glands in 
the centre of a leaf, these transmit motor impulse to the 
marginal tentacles. The nearer ones are first affected and 
slowly bend towards the centre, and then those fiirther off, 
until at last all become closely inflected over the object. 
This takes place in from one hour to four or five or more 
hours. 

W. 14 
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When an insect alights on the central disc, it is instantly 
entangled by the viscid secretion, and the surrounding ten- 
tacles after a time begin to bend, and ultimately clasp it 
on all sides. If an insect adheres to only a few of the 
glands of the exterior tentacles, these soon become inflected 
and carry their prey to the tentacles next succeeding them 



Fig. 15. — ^Drosera rotundifolia. 

Leaf (enlarged) with the tentacles on one side inflected over a bit of 

meat placed on the disc. C. Darwin. 

inwards; these bend inwards, and so onwards, until the 
insect is ultimately carried by a sort of rolling movement 
to the centre of the leaf. Then, after an interval, the 
tentacles on all sides become inflected, and bathe their 
prey with their secretion, in the same manner as if the 
insect had first alighted on the central disc. 

Specimens showing thaty among like objects^ synchronous 
nutrition is often followed by subsequent synchronous 
action, {Syntrophy) 

239. Bunch of cherries, bearing many fruits in the 
same stage of development 
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240. Oarpel of pea, fruit ripe and opened, showing ripe 
pea seeds growing from the carpel, one ovule was not fertilized. 

24L Lupin leaves in various stages of growth; the 
ratios of growth are similar in each at the various stages 
of growth. 

242. A pot full of seedlings, all grown from similar 
seed. All have grown alike, and will continue to grow alike 
under similar circumstances. 

Remarks, In all the above cases the objects proceed 
to grow equally, and are equally nourished, probably be- 
cause supplied with similar food, and similarly and syn- 
chronously stimulated. 

243. A swarm of bees. They are gregarious and work 
together; all have been stimulated by the same antecedents 
and circumstances. 

Examples may be given where the supply of pabulum 
to various objects has been similar but stimulation unequal, 

244. Leaves of a vine. Certain branches growing 
over a neighbouring flue produced all their leaves earlier 
than the other branches, and, under stimulation by heat, 
they grew larger than the leaves of other branches. 

245. Qonrd, leaves and fruit. A portion of one branch 
was carried into a dark box, the portion produced all its 
leaves equally small, but flowers and fruit were perfect. 
Goodall, Fig. 172. 



specimens illustrating movements in Plants y and the 
Mechanism by which tKeir movements are effected, 

A. Motion producing organs. 

246. Mimosa pudica, fully developed compound leaf. 
Pulvinism is seen at the base of the main stalk at the base 
of each leaflet. 

247. OxaUs, pulvini are seen at base of each leaflet. 

14 — 2 
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248. Lotus Jacoboens. Cotyledons with pulvini. Dar- 
win, Movements, p. ii6. 

B. Specimens showing movement due to modes of 
growth. 

249. Morning glory. A shoot showing method of 
twining due to unequal bilateral growth of stem. Goodall, 
Fig. 179. 

C. Specimens showing means by which plants climb. 



h 



Fig. 1 6. After C. Darwin. Longitudinal section of a Pulvinus, 
magnified seventy-five times; /, / petiole of leaf stalk; /, fibro- 
vascular bundle ; b, b commencement of blade of cotyledon. 
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1877. Loss of associated movements of the eyes under 
chloroform and in disease. British Medical Journal^ 
March loth. 

1879. Recurrent headaches in children, and associated 
pathological conditions. British Medical Journal^ 
Dec. 6th. 

1880. Recurrent headaches in children. Brain^ Part xi. 
Visible muscular conditions as expressive of states of 

the brain and nerve-centres. Illustrated. Brain, Parts 
XII. XIII. and xiv. 

1881. Cases illustrating some of the special groups of 
muscles that may be particularly affected with chorea. 
Medical Times and Gazette, March 5th. 

1882. Defective developmental conditions as seen princi- 
pally in children. Medical Times and Gazette, Jan. 
Feb. 

Analogy between the movements of plants and the 
muscular movements of children, called chorea. Illus- 
trated. British Medical Journal, Feb. 25th. • 

1882. Atrophy of the muscles supplied by the fifth cranial 
nerve, with atrophy of the orbital fat on the same side. 
Remarks. Lancet, Jan. 7th. 

Convulsion commencing in the face and hand from 
the influence of nitrous oxide gas. Lancet, June 17th. 

1882. Indications of the nutrition of the brain. Illustrated. 
Medical Times and Gazette, July 29th. 
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1882. The study of the face as an index of the brain. 
Illustrated. British Medical Journal^ Oct. 31st. 

1883. Cases of chorea illustrating some points in the clinical 
history and alliances of this morbid condition, with in- 
dication of the brain areas most conmionly affected. 
Remarks. Lancet^ Feb. 17th. 

1883. Spontaneous postures of the hand considered as 
indications of the condition of the brain. Brain^ Part 
XXI 1 1. Proceedings^ Royal Medical Chirurgical Society^ 
' Nov. 28th, 1882. 

1883. The signs of a healthy brain and mental development 
in an infant, as indicated by its movements. Medical 
Times and Gazette, April 21st. 

1883. Methods and apparatus for obtaining graphic records 
of movements of the limbs, etc. Illustrated. British 
Medical Journal, Sept. 22nd. 

1883. A method and apparatus for obtaining graphic records 
of various kinds of movements of the hand and its parts, 
and enumerating such movements and their combi- 
nations. Journal oj Physiology, Vol. iv., No. 2. 

This apparatus is deposited in Western Gallery, S. 
Kensington Museum. 

1884. Considerations concerning the hypothesis of nerve- 
centres, leading to observation and experiment. Illus- 
trated. Medical Times and Gazette, Feb. 2nd. 

1884. Studies of postures indicative of the condition of mind, 
as illustrated in works of art. Illustrated. Journal of 
Mental Science, April. 

1884. The brain of the school child. Social Science Con- 
gress. Education department. 

1887. The study of nerve-muscular movements ; apparatus 
for their automatic enumeration. Illustrated. Journal 
of Physiology, Vol. vii., No. 4. 

The apparatus is deposited in the Western Gallery, 
S. Kensington Museum. 

1887. "How to study children," an address at College of 
Preceptors. Illustrated. Educational Times, Dec. ist. 

1888. The study of cerebral inhibition. Brain, XLlll. 
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1888. A physician's view of method and practice in \j 

education. A lecture delivered before the Teachers* 

Guild. Journal of Education^ Feb. 14th. 
1888. A method of examining children in schools as to their 

development and brain condition. Bfitish Medical 

Journal^ Sept. 22nd. 

1888. Muscular movements in man, and their evolution in 
the infant : a study of movement in man, and its 
evolution, together with inferences as to the properties 
of nerve-centres and their modes of action in expressing 
thought. Proceedings of the Royal Society^ Vol. 44. 

1889. Text of the above paper read at Royal Society. 
Journal of Mental Science^ ApriL 

1889. Mental Physiology, a study of the growth of mental 
faculty and its culture in children. Illustrated. A 
Lecture at College of Preceptors. Educational Times j 
March ist. 

1889. On the study of conditions of development and brain- ^ 
power in children. Journal of Mental Science^ Oct. 

1889. The frequency of coincidental defects in development 
as seen in children. British Medical Journal^ Dec 

1890. Form of ear as a sign of defective development. 
Lancet y Feb. 15th. 

Scientific study of the condition of children in schools. 
Lancet, April. 

Movements as signs of mental action and Postures 
as signs of mental states. Dictionary of Mental Science, 
in the press. 
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Absent-mindedness, 94 

Action adapted by circumstances, 

117 
„ slow, 133 
„ subsiding, 115 
,, unusual, 76 
Activity healthy, 79 
Adapted action, 117 
Aflferent fibres, 19 
Amount of brain-power, 23 
Analogy of child and plant, 13 
Anger, 120 

Antecedent and sequent, 97, 15 
Antecedents of thoujght, 43 
Antithesis of attention and fidgeti- 
ness, 119 
„ „ joy and pain, 119 
Antithesis, use of this principle, 1 19 
Anxiety, expression of, 85 
Apple, increased size from cultiva- 
tion, 10 
Aptness, 13, 14, iS 

„ inherited, 15 
Art, value of, to teachers, 51 
Artificial grouping of pupils, 134 
Asymmetry of balance, 01 , 74 
,, of facial action, 64 
Attention, brain state, 41 
Attentive bov, 41 
' Attributes of an act, 13, 44 



Bad type of development, 132 
Balance, asymmetrical, 74 
„ of head, 53 
„ in postures, 26, 54 
Blushing, 66 



Brain, 19, 33 
„ and body, 19 
„ awaking from sleep, 34 
„ during attention, 41 
„ imaginary view of, in action, 

33 

„ mental action of, 37 

„ study of, 71 
Brain-power, amount of, 23 
British Medical Association, report 

on schools, 145 
Break-down from want of training, 

X39 
Buds, growth of, 8 



Calisthenics, 98 

Capacity, means of increasing, 12 

Carrot, growth of, 6 

„ wild and cultivated, 6 
Cat, intelligent, 71 
Catalogue of a Museum, 167 
Cause and effect, 2 
Character formed by surroundings, 

17 
Chestnut buds, 8 
Child, I, 16 
,, a nervous, described, 83 
,, at lessons, his brain state, 42 
,, at school, 90 
,, attentive, 41 
„ compared with other living 

things, I, 13 
„ fidgety, 49, 91 
„ in action, 127 
Children, deaf, 154 

„ dull mentally, 149 
„ exceptional, 100 
,, excitable, 129 
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Children, fidgety, 91 

„ inattentive, 92 

„ inert, 84 

„ imaginative, 50 

„ irritable, 91 

„ nervous, 50, 83, 145 

,, peevish, 91 

„ perfect, 126 

„ types of, 131 

„ with nerve defect, 147 
Chloroplastids, 14 
Circumnutation of plants, 3 
Classes, 130 

Classification by colour, 37 
„ by structure, 36 

„ various modes, 36 

Coincident development of brain 
and body, 33 

,, movements, 63 

Colour as a character of classifica- 
tion, 37 
Comparison of various states, 88 
Confiision of antecedent and sequent, 

15 
Consciousness, 73 

„ its increase and de- 

crease, 112 
Convolvulus stem, 7 
Coordination of nerve-centres, 30 
Correction of defects, loi 
Correlation of mind, 45 
Cricket, iii 
Crying, iii 
Crystal, growth of, 1 1 
Cultivation, 10, 133 

„ increases capacity, 10 

Curvatures in plants, how produced, 
7 

D. 

Darkness, effect on seedlings, 5 
Darwin, on circumnutation, 3 
Deaf children, 156 
Deductions from hypothesis of men- 
tal action, 48 
Defective children, 104, 131, 154 
Defects to be remedied by educa- 
tion, 102 
„ of development and vulgar- 
ity, 131 
„ „ ear, 52 



Defect in development, 148, 152 
Delayed expression, 73, 28 
Depths of deep, 73 
Descriptions, importance of their 
being exact, 87 
,, of movements, 61 

„ various modes of giv- 

ing such, 36 
Development, aided by training, 85 
Diffused brain action, 114 
Disobedient boy, 25 
Distribution of classes of pupils in 

Standards, 151, 149 
Double action, 7, 27 

„ „ in a nerve-centre, 27 
„ „ potato, 7 

Dreams, 73 
Dreamy boy, 113 
Drilling lessons, 98 
Drosera rotundifolia, 7, 209 
Dull children, 149 



Ears, defects of, 52 

„ form of, 52 
Education, 127 

„ its purposes, i 

, , necessary to brain growth, 
107 
Educational problems, 104 
Epicanthus, a defect of eyelids, 52 
Epileptic child, 155 
Exhaustion from vague thinking, 49, 

„ of nerve-centres, 29 
„ signs of, 74 

Expression delayed, 28, 73 

„ of a sad memory, 86 

» »» joy> 86 
„ „ mental acts, 43 
„ „ „ anxiety, 85 
„ thought by movement, 40 

Examples of chSdren, 51, 53, 64 
„ „ ,, in hospital, 162 
„ „ exceptional pupils, 
153. 156 

Exceptional children need training, 
100, 137 
„ „ their recognition, 

ICO, 105 
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Eyes, movements of, 67 

„ restless, 67 
Eyesight, needs training, 113 
„ of pupils, 104, 125 
Excitement, mental, 82 
Excitable children, 139 



Face, asjrmmetrical, 64 

„ bright, 65 

„ dull, ^^ 

„ long, ^ 

„ observation of, 63 

„ symmetrical, 64 
Facial asymmetry of movement, 64, 

4« 
Fatigue, signs of, 74 
Features, 51 
Feeble postujes, *i± 
Feeding and stimulating, 1 1 

„ its effects, 11 
Fidgetiness, 49 

,, opposed to attention, 
119 
Field of observation enlarged, 18 
Finger twitching, 60 
Fitch, on the teacher's ideal, 123 
Flowers, classed by colour, 37 
„ „ natural orders, 

36 
„ two and a bee, 18 
Food and stimulus needed, 1 

„ supply, 23 
Form of head, 52 
Formula, 28, 48, 49 
Free exercises, 99 

„ hand, «4 
Frowning, 04 
Fulness under the eyes, 65 
Functional unions among nerve- 
centres, 31 

G. 

Galvanic battery, wear of, 46 
Groups of children, 89, 130 

„ of nerve-cells, 32 
Growth and movement, 39 

H. 
Habits, III 
Hand convulsive, 58 



Hand, energetic, 56 

„ feeble, 57 

„ free for observation, 25, 54 

„ in fright, 59 

„ in rest, 55 

,, nervous, 56 

,, postures, how to observe, 54 

„ straight, 54 

„ with thumb drooped, 55 
Harmony with nature, i 
Head, its form, 52 

„ its postures, 54 
Headaches, signs of, 98 

„ their inheritance, 98 

Hospital children need education, 

i55» 161 
H3rpothesis as to coordination of 
nerve-centres, 30 
„ „ mental action, 39 
„ „ vital action, 2 
Hysteria, 93 

I. 

Illusions, 95 

Imaginary view of brain in action, 

33. 

Imaginative children, 50 
Imitation, 88, 131, 129 

,, of hysteria, <^3 
Impressionabihty wanting, 75, 132 
Inattention, 92 
Influence of pupils on one another, 

129 
Inheritance of aptness, 15 
Inherited aptness, 15 

„ tendencies, 118 
Inhibition, 29, 116 
Instinct, 50 
Intellectual faculty and brain state, 

136 
Intelligence, 50 

„ due to many brain pro- 
perties, 50 
,, indicated by move- 
ments, 69 
,, observation of, 42 

Intelligent cat and dog, 71 
Introspection, 94, 139 
Irritability, 76, 91 
"It** as an aid to logic, 16 
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J. 
Joy, and pain, antithesis of, 119 

„ expression of, 86 
Judgment and expression, 137 

K. 

Kleptomaniac, 156 
Known and unknown, 44 

L. 

Laws of Nature, i 
Laughter, 65, 86, 115, 121 
Leaf, its limit of duration, 12 
Light controlling growth, 5 
Limit of capacity, 10 

„ „ power of growth, 10 
Living thing, its parts, 6 
Logic in argument and description, 
15 

„ taught in object lessons, 96 
Lordosis, 125 
Low development, 153 

,, form of mental action, 133 
Lying, 91 

M. 

Medical inspection of schools, 107 
Memory, 95 

Mental action, a low form of, 133 
„ and movement, 47 
„ „ physical force, 45 
»» n n wear, 45 
, , due to control of time, 

40 
„ expressed by move- 
ment, 38 
„ expression of, 43 
„ mode of studying, 38, 

109 
„ modified spontaneous 

action, 70 
„ of brain, 37 
anxiety, 85 
confusion, 92, 117 
dulness, 121, 150 
excitement, 82 
fixed impressions, 95 
states, antithetical, 119 
„ in opposition, 118 
„ substitution of, 120 



Mental states, their origin, 6 
Mind not correctable with force, 45 
Modelling a mode of expression, 138 
Movement, 20 

,, and growth, 39 

„ and mental action, 47 

„ classified, no 

,, direction of, 67 

, , expressing mental action, 

• 3? 

„ m plants, 4 

„ indicating intelligence, 
69 

,, its antecedent and se- 
quence, 63 

,, its quickness, 99 

,, of growing seed, 3 

,, quantity of, 62 

„ spontaneous, 4, 68 

„ time of, 62 

,, voluntary, 69 
Movements, descriptions of, 61 

„ of eyes, 67* 

,» ,, and head, 67 

„ reflex, 6p 

,, series of; 71, 99 

, , series of augmenting, 114, 

115 
, , series of diminishing, 116 

,, series of uniform, 1 10 

Music, its value in fatigue, 79 

N. 

Nature, laws of, 1 

„ our guide, 3, 12 

Nature's work, 2 

Natural history aids observation, 88 
,, orders of plants, 36 

Nerve-cells, 19 

Nerve-centre at work, 22 

Nerve-centres, 18 
„ „ aptnessfor action, 28 

„ „ acting in groups, 32 

,, „ co-ordination, 30 

„ „ double action in, 27 

„ ,, exhaustion, 29 

„ „ free, 25 

„ ,, highly stimulated, 25 

„ „ spontaneous action 

of, 24 
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Nerve centres, stimulated by sight 
and sound, 11 
y, ,9 their retentiveness, 

29 
Nerve-currents, 19, 73 
Nerve-fibres, 19 

I, afferent, 19 

,t efferent, 20 

Nerve-muscular action, 19 
Nervous children, 49, 145 

„ „ gregarious, 124 

„ „ with good mental 

capacity, 131 
New line of action, how to produce, 

"3 
Notes of children, 140 
Nutrition,low,observation in schools, 
81 
„ of a seedling, 81 
„ signs of, 80 

O. 

Object lesson, 96 
Observation of intelligence, 41 
Observations on pupils in school, 

51 
Observing a child; 26, 51, loi 

„ and thinking differ, 96 

„ living things, 16 
Opposed mental states, 118 
Original thinking, 47 



Pain of body, signs of, 85 

Parent and child, 97 

Parents and teachers, 140 

Parents' view of a school, 135 

Parts of a living thing, 5, 6 

Passion, a storm of, 120 

Paul Dombey, 131 

Peevish child, 91 

Perfect child, 126 

Ph)rsical force and mental action, 45 

„ signs, 71 

„ terms, 118 

„ wear and mental action, 45 
Physiology of calisthenics, 98 
Postures, 26, 54 

„ indicate ratios of nerve- 
action, 27 



Postures, indicating feebleness, 74 
„ of hand, see Hand, postures 
„ of head, 54 

Potato, growth of, 6 

Precision to be cultivated, 98 

Primary schools, 134 

Prizes, their effect, 133 

Proportional growth, 7, 8 

Proportions of nerve action, 27 
,, in growths, 7 

Propositions, educational, 133 

Psychosis, 37 

Purpose of education, i 



Quantity of growth in each part, 5 

„ of movement, 62 
Quelling action, 116 
„ anger, 120 
,, thought, 121 
Quickness of movement, 90 

„ „ with increas- 

ing area, 116 

R. 

Reading new work, 47 

Rebuke, its physiological use, 122 

Reflex movement, 69 

Reinforcement of movements, 114 

Relation of the known and un- 
known, 44 

Report on schools, Brit. Med. Asso- 
ciation, 145 

Reports on schools, 141 

Responsibility of a school principal, 

135 
Rest, signs of, 78 
Retentiveness, 20 



Roots, growth of, 6 



Sachs on circumnutation, 3 
School methods, observe effects of, 
123 

„ parents* view of, 135 

„ reports, 141 
Schools for delicate children, 133 

„ for exceptional pupils, 1 37 

„ Primary, 134 
Seed, its movements in growth, 3 
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Seedling, growth controlled by light, 
5 
„ its bent stem, 5 
,, its nutrition, 81 
Seen and unseen, 97 
Seizing an orange, described, 62 
Serial action, 71 
Series of movements, 99 
Short sight, 125 
Sighing, 75 
Signs, physical, of brain, 71 

„ to observe, 142 
Skin, condition of, 52 
Sleep, depths of, 73 ; muscle of eye- 
lids in, 73; sleep, 72 
Slow action, 133 
Sloyd for weak children, 138 
Social value of an action, 46 
Spectacles for some children neces- 
sary, 82 
Speech, 62 
Spine bent, 75, 124 
Spontaneity a cause of increasing 
movement, 115 
„ controlled by light, 6 

„ controlled by physical 

forces, 6 
Spontaneous action becoming men- 
tal, 70 
„ „ of nerve-centres, 

^^ 
„ movement, 4, 08 

„ movement and think- 
ing, 49 
„ movement controlled 

by light, 5 
„ movement rendered 

uniform, 112 
„ thoughts, 122, 132 
Stammering, 103 
Staring, 67 

Stimulation, want of, 23 
Stimulus deficient, 23 
Storage in plants, 7 
Storm of passion, 120 
Straight hand, 55 
Sunflower, 9 
Supply of food, 23 
Surroundings form character, 17 
Symmetry of action, 126 

„ of facial action, 42, 64 



Teacher, his duty in training, 90 
,, his ideal, 126 
„ his training, 139 
„ impresses his pupils, 87 

Teachers and parents, 1 39 

Teachers' ideal, 128 

Teaching by sight and sound, 96 

Telegram, value of, 46 

Theory as to double action in 
nerve-centre, 27 

Theory as to mental action of brain, 

37 
Thinking guided by Nature, 12 

„ original, 47 
Thought and movement, 123 

expressed by movement, 40 
its antecedents, 43 
removal of, 121 
spontaneous, 122 
vague and spontaneous, 49, 
121, 122 
Ties or unions, 31, 41 
Time, a character of mental acts, 

4'» 44 
„ of action produces the effect, 

9 
„ of growth, 8 
„ of movement, 62 
Timidity, 92 

Tooth-grinding, 73 . » a ^ . 
Touch, its education, 124 
Training aids development, 85 
„ capacity for expression, 136 
„ in thought, expression, 138 
„ strengthens the brain, 139 
„ weak children, 137 
Types of children, 131 



U. 

Uniform action, 1 10 

„ action to be taught,. 112 

„ mental acts, 113 
Unions among nerve-centres, 31* 41 

„ functional of nerve-centres 

31 
Unusual action, 76 
Usefulness of imitation, 131 
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Vague thoughts, 49 

Value of an action, 46 
,, of a telegram, 46 

View of child full face and profile, 68 

Visible movement, 20 

Vital action, its needs, 10 

Vocabulary, its extent, 48 
„ limited, 99 

„ of Shakespeare, 48 

Voice altered in fatigue, 77 

Voluntary character of acts, 70 
„ movements, 69 

VulgsEuity, 131 



W. 

Walking, no 
Wandering eyes, 68, 74 
Weak children, 106 
Wear in mental action, 45 

„ galvanic battery, 46 
What to look for, 71, 89, 142 
Word of command, 88, 1 16 



Yawning, 75, 115 

Young plsuits move much, 4 
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